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As,S3-Cu,CrysTe;  sisteminda As,Sz birlagmasi asasinda siisoomalagalmani miiayyan
etmak iiciin 0-30 mol % Cu,CrsTe; qatilig intervalinda orintilor fiziki-kimyavi analiz
metodlart (DTA, RFA, MQA, elaCa da sixligin va mikrobarkliyin dl¢iilmasi ) vasitasila tadqiq
edilmis vo onun mikrodiagrami qurulmugdur. 0-30 mol % Cu,CrsTe; gatilig sahasinda
arintilarin fiziki- kimyavi analizi termiki emaldan awal va sonra aparilimigdir. Miiayyan
edilmisdir ki, adi soyudulma soraitinda As,S3 birlasmasi asasinda 17 mol % Cu,Cr,Tey siiso
sahasi amala galir. Sistemda 17-30 mol % Cu,CrsTe; gatiliq intervalinda siiso-kristal garisig
méveuddur.

V osas yarimqrup elementi, arsen xalkogenidlari adi goraitds siiso halinda alinirlar. Son
zamanlar arsen xalkogenidlari va onlar asasinda alinmis miirokkab torkibli siisavart orintilor
va birlosmolor kompleks funksional xassalorina gors todgiqgateilarin diggatinin calb etmisdir.

Arsen xalkogenidlori vo olar asasinda alinmis miirokkab torkibli siisovari arintilor vo
birlosmoalor fotohossas, liiminessent vo akustooptik materiallar kimi, fotoelektronikanin
miixtalif saholorinds genis tatbiq olunurlar[1-4]. Xrom xalkogenidlari bir sira xakogenidlarla,
o climlodan mis xalkogenidlori ilo magnit xassali materiallar amols gatirir [5-7].

Buna gora do gozlomok olardi ki, As,S3 Ve Cu,CrsTe; xalkogenidlori arasinda kimyavi
qarsiliglt tosir zamani alina bilocok yeni miirokkob torkibli fazalar vo siisovari arintilor do
maqnit, magnitooptik xassalora malik yarimkegirici materiallar ola bilarlar.

Hazirk1 todgigat isinin moqsadi As,S; va Cu,CrsTe; sistemindo As,Sz birlogsmasi
osasinda siiso sahosinin miioyyan etmoklo, onlarin siigo-kristal kegidindoa fiziki-Kimyovi
xassalarini tadqiq etmokdan ibaratdir.

Tacriibi hisso

As,S3-Cu,CryTe; sisteminin ilkin kuponentlari asagidaki tomizlikli elementlorda: Arsen
As-99,99 %; mis Cu-99,98 %; xrom Cr- 99,97 % vo tellur 99,99 % sintez edilmisdir:

Daha sonra As;Sz-Cu,CrsTe;  sisteminin = orintilori  As;Sz3  vo  Cu,CraTey
komponentlorindon 0,133 MPa tozyigine godor havasi sorulmus kvars ampulada 600-800°C
temperatur intervalinda birga oridillmoklo sintez edilmisdir. Cu,CrsTe; birlosmasinin
peritektik olmasini nozars alarag, hamin birlosmo peritektika temperaturundan asagida 900°C-
do 8 saat miiddatinds saxlanmisdir.

As,S3-Cu,CrysTe; sisteminin orintilori fiziki-kimyoavi analiz metodlar1 (DTA, RFA,
MQA hamginin sixligin vo mikrobarkliyin 6lsiilmasi) vasitasilo todqiq edilmisdir.

Niimunslorin DTA analizi NTR-73 markali pirometrde apartlmisdir. Termociit olaraq
xromel-aliimeldon istifads edilmisdir. Niimunolorin qizma siirati 10°C/doq olmusdur.
orintilorin  rentgenoqrafik analizi D2 PHASER markali rentgendifraktometrindo
aparilmisdir. Mikroqurulus (MQA) analizi MIM-8 markali mikroskopda hoyata kegirilmisdir.
Faza sorhodlorini miioyyan etmok ii¢iin aydinlagdirici olaraq KOH+C;HsOH = 2:1 vo
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HNO3;+H,0, = 1:2 nisbatindo mohlullar gotiiriilmiisdiir. Mikrobarklik PMT-3 markali
metallografik mikroskopda oOlgiilmiisdiir. Niimunolorin xiisusi ¢okilori piknometrik iisulla
toyin edilmisdir, doldurucu mohlul kimi toluol gotiirtilmiisdiir.

Naticalar vo onlarin miizakirasi

As,S3 birlosmasi ilo zongin olan qirmizi rangli niimunalor xarici miihitin tasirlorine
davamlidir vo hotta qiivvatli mineral turslarda da ¢atin hall olur. 0-30 Cu,CrsTe; torkibli
stisovar1 niimunalar isti nitrat HNOj3 tursusunda vo NaOH, KOH goalovilards yaxsi hall olurlar.

Qeyd etmoak lazimdir ki, As,S3-Cu,CrsTe; sisteminin arintilorinin fiziki-kimyoavi analizi
hom siiso hom do kristallagdirilmis halda aparilimisdir.

0-30Cu,Cr4Te; torkibli orintilorin diferensial-termiki analizin gostorir ki, onlarin
termoqramlarinda iki endotermik effektlor miisahido edilir. Kristallasmadan avval 0-30 mol
%Cu,CrsTe; qatiliq intervalda olan niimunslorin termoqramlarinda 170-185°C siisoloro xas
olan Tg yumsalma temperaturlart mévcuddur. Siiso sahasindon olan niimunslor uzun miiddat
kristallagdirildigdan sonra onlarin termoqramlarinda movcud olan yumsalma temperaturlar
yox olur, onlarin avazina arima temperaturu amala galir.

As,S3-CuyCraTe; sisteminin arintilorinin mikroqurulus analizi gostorir ki, sistemin ilkin
komponentlori otrafinda birfazali sahslor movcuddur. Araliq sahodo olan orintilor iso
ikifazalidir. As,S3 asasinda bark moahlul sahasi tagribi 1,5 mol %, Cu,Cr,Tey toskil edir.

Sok.1. As;S3-Cu,CrsTey sisteminin orintilorinin difraktoqramlari.
1-As,S3, 2- 10, 3- 15, 4-30 mol % Cu,CrsTe;

Rentgenografik analizin naticalori gostarir ki, 0-30 mol % qatiliq intervalindasiisovari
arintilorinkristallasdirilmazdan avvalki difraktoqramlarinda intensiv difraksiya maksimumlari
miisahido edilmomigdir (Sok.1). 30 mol % Cu,CrsTe; torkibli orintinin difraktoqraminda
difraksiya xatlori omoalagalmoys baslayir ki, bu siiso-kristal qarisigimdan ibaratdir.
Rentgenfaza analizinin naticalori diferensial-termiki vo mikroqurulus analizlarinin naticalorini
tasdiq edir.
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Sok.2. As;S3-Cu,CrsTey sisteminin mikrodiaqrami

Fziki-kimyavi analiz metodlarinin naticalorino asasan As;S3-Cu,CrsTe; sisteminin
mikrodiaqgram1 qurulmusdur (Sok.2). As,S3-Cu,CrsTe; sisteminin 0-30 mol %-Cu,Cr,Te;
qatiliq sahasindan olan siisovari arintilorin bazi fiziki-kimyavi xassalari cadvalds verilmisdir.

Cadval 1.
As,S3-Cu,Cr,Te; sisteminin arintilorinin siisa va siisa-kristal sahasindan olan
arintilorin DTA analizi, sixhiglarmin vo mikrobarkliklorinin él¢gmalarinin naticalari

Toarkib, mol % o Mikrobarklik, MPa
Termiki qizma
effektlori, °C | O1G
AsyS; | CuxCraTey ’ g/sm o B
P=0,15H P=0,20 H
100 0.0 170,310 3,20 1350 -
95 5.0 175,315 3,35 1350 -
90 10 180,320,350 3,59 1400 -
85 15 180,350,430 3,78 1400
80 20 180,350,500 3,98 1400 -
70 30 180,350,640 4,37 - -

Beloliklo, As;Ss- Cu,CrsTe; sisteminin 0-30 mol % qatiliq intervalinda siiso sahasi
oyranilmokla onun mikrodiagrami qurulmusdur. As;S; asasinda otaq temperaturunda 1,5 mol
% Cu,CrsTey hollolma agkar edilmigdir. Sistemdo As;S3 birlogsmasi asasinda adi soyudulma
soraitinda 17 mol % Cu,Cr4Te; siiso sahasi amoala galir.
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INVESTIGATION OF GLASS FORMATIONIN THE SYSTEMAS,S3-Cu,CrsTe;
Ismayilova®.S.Sh, Aliyev'.1.1, Ahmedova®.C.A Alverdiyeva®.F.H, Gurbanov®.Q.B
Summary

In the As,S3-Cu,Cr,Tey system, alloys in the 0-30 mol% Cu,Cr,Te; concentration range
were studied using physicochemical analysis methods (DTA, RFA, MQA, as well as density
and microhardness measurements) to determine glass formation based on the As,S;
compound, and its microdiagram was constructed. Physicochemical analysis of alloys in the
area of 0-30 mol% Cu,Cr,Te; concentration was carried out before and after heat treatment. It
was found that under normal cooling conditions, 17 mol% Cu,Cr,Te; glass area is formed on
the basis of As,S; compound. The system contains a glass-crystal mixture in the concentration
range of 17-30 mol% Cu,Cr,Tey.

XAPAKTEP B3AUMOJIEVMCTBUSA B CUCTEME Bi,S;-Sm,033B,0;
Aﬂueel.I/I.H, IOcuﬁosZ.IO.A, Aﬂueel.O.M, I amumoes.X.M, Abbacoe’ U.H

1HHcmumyma Kamanuza u Heopeanuuecxoti Xumuu um. M. @.Hacueea HAH Azepbaiioscana
e-mail aliyevimir@rambler.ru
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* Asepbationcanckuii ocyoapemeennviii Yuusepcumem Hedpmu u Ipomviunennocmu

KiroueBble ¢j10Ba: MUKPOTBEPIOCTh, CHCTEMA, IBTEKTHKA, JIMKBHLYC, COIHUTYC.
Key words: microhardness, system, eutectic, liquidus, solidus.

Xapaxmep e3aumooeticmeusi 8 cucmeme BizS3-Smy033B,03  uccredosanvr memooamu
HTA, P®A, MCA, a maxoice usmepenuem Mukpomeepoocmu u niomHocmu u nocmpoena T-x
Gazosasn ouacpamma. YcmanoeieHo, 4mo ouazpamma COCMOAHUSL CUCTNEMbl OMHOCUMCS K
asmexkmuyeckoeo muna. B cucmeme coedunenus BirSs u SmyO33B,03 o6pazyrom semexmuxy
cocmasa 37 mon. % Smy033B,03 u memnepamype 645°C. B cucmeme na ochose ucxoomvix
KOMNOHEHMO08 meepovle pacmeopvl NPAKMUYECKU He OOHAPYIHCEHb.

B muteparype 0 B3aMMOACHCTBHHM MEXIy XaJIbKOTCHWJIAMH BHCMyTa W OKCHJIAMH
camapus U Oopa MMeTCs OOCTaTOuYHO MHorue mgaHHble [1-4]. Okcuapl peaKo3eMeTbHBIX
9JIEMEHTOB U TOJyYeHHBIE HA UX OCHOBE CIIOKHBIE OKCHAa cojepkamiue (a3bl 061amaroT
(GOTORIEKTPUYECKUMH U JIOMUHECIICHTHBIMU CBOMCTBamMHu [5-8]. AHanoruyHas cuctema
n3ydeHa Hamu panee [9-11]. Cucrema BiyS3-Sm,033B,03 nccnenyercs BriepBbIe.

[enpro HacToOsIIEH PAaOOTHI ABISAETCS U3YUCHHE XUMHUYECKOTO B3aUMOJCHCTBHUS MEXKIY
Bi,S3; 1 Sm,033B,03 1 moctpout T-x da3oBas quarpamma.

3KCHepI/IMeHTaﬂbHaﬂ 4acTb

CmtaBel  paszpe3a BipS3-Smy033B,03 cuHTe3wpoBamu B HHTEpBaje TEMIIEPaTyp
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600-1000°C ¢ Beimepkkoit  10-12 u. mpu MakcuManbHOW Temmeparype. Jis mosydueHue
PaBHOBECHBIE COCTOSIHHUS CIUIaBbI cucTeMbl omxurany npu 600°C B Teuerne 150 u.

HccnenoBanue CIuiaBoB CHUCTEMbI MPoBOIIM MeTogamu nuddepennuansaoro (ATA),
pentrenorpaduueckoro (P®A), wmmkpoctpykrypHoro (MCA), aHanm3oB,, H3MEpEHHEM
MUKPOTBEPIOCTU U OIpPEIeTICHUEM IIJIOTHOCTH.

JATA 00pa3mnoB OCyHIECTBISIA Ha HU3KOYacTOTHOM Tepmopeructparope HTP-73 ¢
Pt/Pt-Ph Tepmoniapoii. CKOpOCTh HarpeBa cocrasJsiia 9 rpaa/MuH.

P®A nposoaunu Ha penrrenoBckoM npudope moaenu D2 PHFSER na CuKa w3nyuenun c
Ni ¢punbsTpom.

MCA npoBogunu Ha Mukpockone MHWM-8. MukpoTBepIoCTh 00pa3loB CHCTEMBI
n3Mepsuin Ha MukpotBepaomepe [IMT-3 npu Harpyskax, 0,3 H BbIOpaHHBIX B pe3ysbrare
U3y4eHHS] U3MEPEHHSI MUKPOTIACPAOCTH JUIsL. KaKA0H (a3bl OT Harpy3Kku. IIOTHOCTD CItaBoB
ONpeAeNsi MUKHOMETPUYECKHM  B3BEIIMBAHUEM: HAIMOJIHUTENIEM CIYXWI  TOJYOJ.
HcxoqHpIMU- KOMIIOHEHTaMH JUIsl CHHTE3a cIiiaBoB (Tabi. 1) cmyxkumu BipSz 1 3Sm,03'B,03

Pe3yabTaThl 1 HX 00CysKAeHHE

CHHTE3MpOBaHHBIC CIIABBI KOMIIAKTHBIC 00JIAaf0T OOJIBIINM COACPKAHHUEM CBETIIO-
JKEJIBOTO 1IBETA, C YBEIIMYCHUEM COZEPKAHUS MOTYTOPHOTO Cynb(uaa BUCMYTa LIBET CIIJIABOB
CTAHOBUTCS YepHBIM. DP(DEKThI Ha KPUBBIX HArpeBaHUSA-IHIOTCPMUUYECKHE, HA KPUBBIX Har-
peBaHUs M OXJIQXKJICHHUS CIUIABOB MMEIOTCS IO J1Ba TETUIOBBIX 3 dexra. HekoToprie dhusmko-
XHMHUYECKHE CBOMCTBA CIIaBOB cHCTeMbI Bi2S3-Sm»03. 3B,03 mpuBeaeHs! B Ta01. 1.
MuUKpOCTpyKTYpa JIUTBIX 00pa3IOB MOKa3aia, 4TO BO BCEX CIUIABAaX MPHUCYTCTBYET ABE (asbl:
cernas (BixS3) u temuas (BizS3-Sm,03. 3B,03).

MuxkpoTBepaocTh cIiaBoB u3Mepsnu npu Harpyskax 0,20 u 0,30 H. U3nyueno nsa
psana 3HadeHud wmukpctBepaoctu: 1500 m 5400 MIla, cooTBETCTBYIOIIME  MCXOIHBIM
coequHeHUsM BiS3 1 Sm»03.3B,03. 3HaueHUs MUKPOTBEPIOCTH B TETEPOTCHHON 00JIACTH
OCTalOTCS MPAKTHUYECKU MOCTOSHHBIMH, OTCYTCTBHUE TBEPIBIX PACTBOPOB Ha OcHOBE BiyS3 u
Sm,03. 3B,03 (tabn. I). Penrrenodas3oBelii aHanW3 IMOKaszal, YTO Ha PEHTIEHOTpamMMax
MPUCYTCTBYIOT TOJIBKO JIMHUU UCXOIHBIX KOMIIOHEHTOB.

t,°C
1200
X L, 1180°
1000
800<
2K+Sm,033B,03
600 [ 645°
v v ¥ —
400
Bi,S3+Sm,033B,03
200 +
1 1 1 1 I 1 1 1 I
B|283 20 40 60 80 Sm,033B,0;

Mo %

Puc. 1. T-x ¢a3zoBas quarpamma cuctembiBizS3-Sm;,03 3B,0s.
Ha ocHOBaHMM TMOJYYCHHBIX JAHHBIX (PU3NKO-XHMHUYECKOTO aHalM3a IOCTPOCHA
quarpaMma COCTOSIHUSL cucTeMbl BipS3-Sm;03.3B,03; mokazannas nHa puc.l. Kak BumHo,
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CHUCTeMa KBa3MOWHApHAs 3BTEKTHUYECKOro Thma. COCTaB 3BTEKTUKHA COOTBETCTBYET 37 MOJL.
% Sm,03.3B,03 u Temneparype 645°C. PacTBOPUMOCTh Ha OCHOBE MCXOIHBIX KOMIIOHEHTOB
MIPAKTUYECKH HE YCTAaHOBJICHA.

B cucreme BiyS3-Smy03.3B,03 Ha ocHoBe Smy03.3B,03 obOHapyxkeHsl oOmactu
CTeKJ1I000pa3oBaHms. Y CTAaHOBIICHO, 4TO 110 pa3pe3y BixS3-Sm,0s. 3B,03 crekiioobpazoBanus
noxost o craBos 10 mon. % BipSz (10 rpag/mun) u 15 mon. % BirS (4,510° rpan/cex.).
Pe3ynbTarhl PU3NKO-XUMHUYECKUX CTEKOJI CUCTEMBI IIPUBEICHBI B Ta0J.2.

Tabauua 1.
Cocras, pe3yiabrarsl ITA, usMepeHusi MUKPOTBEPAOCTH U ONpeaeIeHHs] IIJIOTHOCTH
CILIaBOB cucTeMbl BixS3-Smy03 3B,03

Cocrag, moi. % Tepmuueckue MukporsepocTe Pas,
°C [TnotHocts, | Mlla

BiS; Sm,0; 38,0, | *PPexTSL 10°k/m® | BizSs | Sm,03 3B,0;

100 0,0 775 7,20 1500 -

98 2,0 770 7,00 1500

97 3,0 550,760 6,76 1500 -

95 5,0 550,750 6,44 1500 -

90 10 550,740 6,08 1500 -

80 20 550,680 5,92 1500 -

70 30 550,620 5,70 - -

60 40 550,600 5,56 DBTEKT. | DBTEKT.

50 50 550,700 5,20 - 5400

40 60 550,800 4,90 - 5400

30 70 550,900 4,78 - 5400

20 80 550,980 4,52 - 5400

10 90 550,1050 4,25 - 5400

0 100 1100 4,00 - 5400

Kak BumHO M3 Tabn. 2, 3HaYCHHS KOHIICHTPALMOHHBIX CBOWCTB MOHOTOHHO YBEIH-
4yuBaeTCcs. DTO OOCTOATENBCTBO JaeT BO3MOXKHOCTb TOBOPUTH 00 0Opa3oBaHMM HOBBIX
CTPYKTYpPHBIX equHUI] B cucteMe BiyS3-Smy03. 3B,03. MccienoBanuss HEKOTOPBIX (U3UKO-
XUMHUYECKHX CBOMCTB CTEKOJI MOKa3bIBalOT 00pa30BaHKUE HOBBIX CTPYKTYPHBIX €IUHMIL (pHC,
I). Kak BuaHO M3 auarpamMmbl COCTOSIHHMSI CUCTEMBI (pHC.l) BXOIUT COCTaB CTEKOJ CHadaja
dbopme mpuMeceil B BUie CTpyKTYpHBIX eAMHHUL BipS3 He paspyias kapkac crekia.

OnHako [nanbHEHIIee HAKOIUIGHWE MOHHBIX CBS3€H MeTaisia BeldeT K OOphIBamM
MOHOTEKTHOM CTPYKTYpHI C 00pa30BaHHMEM MUKPOKPUCTAJUINYECKUX BKIIOUEHUN COCTUHEHUS
Bi,S3 HakoIIeHHE KOTOPBIX BEIET K YBEIUYCHUIO TU(PepeHIMaIiii cTeKoI. TakuM 00pa3om,
cTekiiooOpazoBanue B cucreMe  BipS3-Smy03.3B2,03  koHTponmupyercs = 0OMEHHBIM
B3aWMO/ICHICTBHEM HECTEKIIOO0Pa3yIOINX CTPYKTYpHUX enuHuIl BizS3 coctexnoobpa3ynmmm
Sm,03.3B,0s.

Tadauua 2.
Cocras, pesyabrtartsl [ITA, n3mepeHnss MUKPOTBEPAOCTH H ONpeeIeHUs JIOTHOCTH
CTEKJI000Pa3HBIX CILIABOB cucTeMbl BirS3-Sm,03 3B,0;

MuxkpoTBepaocTh a3,
Cocras, moin. % Temnepatypa ] [LI0THOCTS, MHap P ¢
Bi,Ss Sm,05 38,0, | Pewariena, Te'C | s 3 30|
0,0 100 430 4,00 5400
2,0 98 432 4,09 5420
3,0 97 435 4,15 5400
5,0 95 440 4,18 5460




7,0 93 445 4,20 5430
8,0 92 448 4,24 5400
10 90 450 4,24 5400
Hp,MiTa d,r/em’
5500 [~
5400 |—6—5—0—o—o 3
5300 L1 R R B
Tg,°C
450 -
430 /
4104’_ L1 1 1
Puc. 1. 3aBucumoctsh MukpotBepaoctd (Hy),
wiotHoctH (d ) u Temneparypbl pasmsiraerust (TQ)
OT COCTaBOB U3 00JIACTH CTEKO.
Jlureparypsl
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1100°C // 3B. AHCCCP. Heopran. matepuanst. 1968. T.4. Ne 4. P. 941-944,

2. GildartL., Klisel.M., MattotD.M. // J. Phys/ Chem. Sol. 1961. V.18. Ne 4. P. 286-290.

3. TaupseiepauesB.C., AnueBU.1. CucremaBi,S3-B,03 // len. BUHUTH. 1991.Ne. 3092-

B91.
CHARACTER OF INTERACTION IN THE SYSTEM Bi,S3-Sm,053B,03
Alievt.1.1, Yusibov?.Yu.A, Aliev.0.M, Gashimov®.Kh.M, Abbasov*.1.1
Summary

The character of the interaction in the Bi,S3-Sm,033B,03 system was investigated by
DTA, XRD, MSA, as well as by measuring the microhardness and density, and a T-x phase
diagram was constructed. It was found that the state diagram of the system belongs to the
eutectic type. In the system, the compounds Bi,S3; and Sm,033B,03 form a eutectic with a
composition of 37 mol. % Sm,033B,03 and a temperature of 645°C. In the system based on
the initial components, solid solutions are practically not found.

InSb,SeTes-InSb,Tes SISTEMININ ORINTILORININ SINTAZI VO
FiZiKi-KiMYOVI ToDQIQi
Mammadova’.N.A
'Azorbaycan Milli EA-min akad. M.F.Nagiyev adina Kataliz vo Qeyri-iizvi Kimya Institutu
Acar sozlar:sistem, mikrobarklik, solidus, likvidus, sixlg.
Key words: system, microhardness, solidus, liquidus, density.
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InSh,SeTes-InSh,Te, sisteminin daxilinda bas veran kimyavi garsiligh tasir diferensial-
termiki (DTA), rentgenfaza (RFA), mikroqurulus (MQA) va sixligin va mikrobarkliyin tayini
analiz metodlarindan istifado etmokla, todqgiq edilmis. Sistemin arintilarinin garsiligh holl
olmasi arasdirilmisdir. InSb,SeTes-InSh,Te, sisteminin arintilorinin mikroqurulug analizi ilo
miiadYyyan edilmisdir ki, bork halda ilkin komponentlor asasinda praktiki olarag hallolma askar
edilmomisdir.

Elm vo texnikanin artmaqda olan taloblorini 6days bilo miirokkab torkibli funksional
Xassoli materiallarin alinmasina da tolobat artmadadir. Bu talablori yerino yetirmok {igiin ilk
novbado komposterlor arasinda kimyovi qarsiliqlt tosiri todqgiq etmokls, torkib-xasso
diagramlarmin qurulmasi vacib mosalodir. Son zamanlar binar birlosmalorlo yanasi, igli,
dordli vo daha miirokkob materiallarin fiziki-kimyavi va fiziki xassalorinin 6yranilmasi daha
intensiv sokilda dyranilir.

Molumdur ki, indium vo stibiumun xalkogenidlori optiki vo termoelektrik xassalors
malik yarimkegirici maddalordir [1-4]. Indium va stibium xalkogenidlari osasinda iiclii vo daha
miirokkab yarimkegirici maddalorin sintezi vo xassalorinin dyranilmasi 6n plana ¢okilmisdir
[5-8]. InSh,SeTez-InSh,Te, sistemi hal-haziradok todqiq edilmomisdir.

Isin mogsadi InSh,SeTes-InSh,Te, sistemindo qarsiliqht tosirin xarakterini  fiziki-
Kimyovi analiz metodlar1 vasitasilo todgiq etmokdoan ibaratdir.

InSh,SeTes-InSh,Tessisteminin  arintilorini sintez etmazdon ovval InSbySeTe; vo
InSh,Tesbirlogsmolori ampula metodu vasitasilo sintez edilmisdir. Birlogsmolorin peritektik
olmasinin nozoro alaraq har iki birlosma peritektika temperaturundan 20°C asagida 150 saat
miiddatindo termiki emal edilmisdir. Sonra sistemin arintilori InSb,SeTes vo InSb,Tey
komponentlorini 0,133 Pa tozyigino godor havasi sorulmus kvars ampulda birgs oritmaklo,
700-900°Cintervalinda sintez edilmisdir. Homogenlosdirmok mogsadilo orintilor tokrar
400°C-do 150 saat miiddotinds termiki emal edilmisdir. Tarazliq halinda olan niimunolor
fiziki-kimyavi analiz metodlar1 (DTA, RFA, MQA sixligin va mikroborkliyin 6l¢iilmasi)
vasitasi ilo tadqiq edilmisdir.

Diferensial-termiki analizi zamani sistemin biitiin orintilorinin termoqramlarinda tig
endotermiki effektlor miisahido edilmisdir. InSh,SeTes-InSh,Tessistemds termiki effektlorin
cox olmast onu gostorir ki, komponentlor arasinda miirokkob qarsiliglt tesir bas verir.
orintilorin mikroqurulus analizi aparilmis vo naticodo askar edilmisdir ki, sistemdo bark halda
ikifazali orintilor kristallasirlar. Yalniz 500°C-don yuxarida iigfazali sahalor oldugu miioyyan
edilmisdir.

Diferensial-termiki, mikroqurulus analizlorinin noticalorini tosdiq etmok {igiin
InSb,SeTes-InSh,Teykasiyinin miixtalif sahalorindan olan 30 va70 mol % InSh,Te, arintilorin
rentgenfaza analizi aparilmisdir (Sok.1).

Molum olmusdur ki, 30 va70 mol % InSbh,Te, torkibli orintilorin difraktoqramlarinda
asas boyiik xotlor uygun olsa da, bazi xotlor iso InSh,SeTe; vo InSh,Tesbirlasmalarinin
difraksiya xotlorinin qarisigindan ibaratdir. Yoni orintilor iki fazanin qarisigindan togkil
edilmisdir.Sistemin arintilarinin mikrobarkliklorinin 6l¢tilmasi zamani, mikrobarkliyin iki név
giymatlori alinmigdir. Demali peritektik ¢evrilma noticasinds ikifazali arintilor omalo golir.

Mikrobarkliyin (920-930) MPa giymati InSb,SeTes birlogsmoasinin mikrobarkliyina,
1340 MPa giymati iso InSb,Te4 birlosmasinin mikrobarkliyino uygundur. Sistemin arintilarinin
doyismoaz qalmasi ilkin komponentlor asasinda bark mohlulun olmadigini gostarir.
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Sak. 1. InSh,SeTes-InSh,Teysisteminin arintilarinin difraktoqramlari.
1- InSb,SeTe3, 2-30, 3-70, 4-100 mol % InSh,Te,.
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Using the methods of differential thermal (DTA), x-ray phase (RFA), microstructural
(MQA) analysis, as well as density and microhardness measurements, chemical interactions
in the InSb,SeTes-InSh,Te; system were studied. The combined dissolution of the
components of the system was investigated. Microstructural analysis of the alloys of the
InSh,SeTes-InSh,Te, system showed that solubility in the solid state based on the starting
components was practically not detected.

Sh,Ses- CuCr,Te; SISTEMIND® FAZA TARAZLIGI
Moasiyeva®.L.F
'Azorbaycan Texniki Universiteti

Acar sozlar: arinti, kvazibinar, evtektika, mikrobarklik, bark mahlul.
KioueBble cj10Ba: CrijiaB, KBa3HOWHAPHBIH, IBTEKTHKA, MUKPOTBEPI0CTh, TBEP/IbIN PacTBOP.

Fiziki-kimyavi analiz metodlar: diferensial-termik (DTA), rentgenfaza (RFA),
mikroqurulus (MQA) va sixligin va mikrobarkliyin él¢iilmasi vasitasilo ShySes- CuCr,Teq
sisteminda faza tarazligi tadqiq edilmis voonun faza diagrami qurulmusdur. Mikroqurulug
analizi naticasinda miiayyan edilmisdir ki, baslangic komponentlor asasinda birfazali sahalar
moveuddur. Otaq temperaturunda SbySes 5 mol % bork maohlul alindigi halda, CuCr;Te,
birlogmasi asasinda 13 mol % Sb,Ses bark mahlul amala galir.

Odobiyyatdan molumdur ki, stibiumun xalkogenidli birlosmalori va onlar asasinda alinmig
yeni fazalar va bark mahlullar fotoelektrik vo termoelektrik xassali materiallardir [1-6].

Xromun va onun intermetallik birlosmolori qara metallurgiyada xammali kimi
paslanmayan poladlarin vo basaq momulatlarin istehsalinda 1stifads olunurlar. Xromun
xalkogenidli birlogsmolori maqgnit xassali yarimkegiricilor kimi miixtalif maddolilora olave
etmoklo, magnit xassoli materiallar almaq miimkiindiir [7-9].

Sh,Ses hirlosmosi 617°C-do kongruyent oriyir vo rombik sinqoniyada kristallasir,
gofos parametrlori: a= 11,633; b=11,780; c=3,985 A , foza qrupu Pbnm-D,,*® , d=5,843
g/sm®, Hu= 1200 MPa —dir [10]. CuCr,Tesbirlosmasi1155°C-do kongruyent oriyir [11] vo
kubik sinqoniyada kristallasir gofos parametri a= 11,134 A [12].

Sh,Ses-CuCr,Te, sisteminin todgiq edilmosi tiglin genis qatiliq intervalinda arintilor
sintez edilmisdir. Sistemin orintilori ovvalcodon sintez edilmis Sb,Se; vo CuCr,Tey
komponentlorden sintez edilmisdir. 800-1200°C temperatur intervalinda biitiin orintilor orimis
kiitlo halinda alinirlar. Tarazliq halma gotirmok iigiin orintilor 450°C-do 300 saat miiddatinda
termiki emal edilmisdir.

orintilor homogenlosdirildikdon sonra fiziki-kimyavi analiz metodlart (DTA, RFA,
MQA , sixligin vo mikrobarkliyin 6l¢tilmasi) vasitasilo tadqiq edilmigdir.

Niimunalorin DTA analizi al¢aqtezlikli NTR-73 markali pirometrdo aparilmisdir.
Termociit kimi xromel-aliimeldon istifado edilmisdir. Niimunslorin qizma siirati 10°C/daq
olmusdur. Orintilorin rentgenografik analizi D-2 PHASER markali rentgen difraktometrindo
aparilmigdir. Bu zaman Cu Ko siialanmadan vo Ni- siizgocdon istifado edilmigdir.
Mikroqurulus analizi MiM -8 markali mikroskopda hoyata kegirilmisdir. Faza sorhadlorini
miioyyan etmok {igiin aydinlasdirici olaraq K,Cr,O; mohlulu gotiiriilmiisdiir. Mikrobarklik
PMT-3 markali mikroskopda 6l¢iilmiisdiir. Niimunolorin sixliglart piknometrik tisulla tayin
edilmisdir, doldurucu mohlul kimi toluol gétiiriilmiisdiir.

Naticalar vo onlarin miizakirasi

Sb,Se;-CuCr,Te, sisteminin biitiin arintilori kompakt kiitlo halinda olub, boz va gara
rongli maddolordir. Orintilorin hanasi suda vo havada davamlidirlar. Onlar yalniz mineral
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H.SO4 vo HNOj; tursulada yaxst hall olurlar. Indi isa fiziki-kimyavi analiz metollarinin
naticalorini ayri-ayriliqda nozardan kegirak.

Diferensial-termiki analizin (DTA) naticalori gostarir Ki, Sh,Ses-CuCr,Te, sisteminin
niimunalorinin termoqramlarinda iki vo {i¢ endotermik effektlor movcuddur. Sistemdo
CuCr,Tes birlosmosinin faza kegidinin olmasi termiki effektlorin sayini artirir. Termiki
effektlor kristallik maddalors xas, donardir.

Sb,Ses-CuCr,Te, sisteminin faza torkibini arasdirmaq {igiin mikroqurulus analizi
aparilmigdir. Sistemdo otaq temperaturunda Sbh,Ses birlogsmasi asasinda 5 mol % hallolma
oldugu halda, CuCr,Te, birlosmasi asasinda 13 mol % hollolma miisyyan edilmisdir.

Daha sonra sistemin orintilorinin rentgenfaza analizi aparilmisdir. Sokil 2-do 30, 70 va
90 mol % CuCr,Te, torkibli niimunslarin rentgen difraktoqramlar1 verilmisdir. Sokil 2-do
verilmis 30 vo 70 mol % CuCr,Tes niimunalorin difraktogramlarinda movcud difraksiya
xatlari baslangic komponentlarinin difraksiya Xatlorinin qarisigindan ibaratdir.

Belaliklo, rentgenfaza analizi diferensial-termiki vo mikroqurulus analizlorinin
noticalarini tosdiq edir. Aparilan todqigat metodlarinin naticalorine asasan Sh,Ses;-CuCr,Teq
sisteminin faza diaqgrami qurulmusdur (sok.3). Sistemin faza diaqrami kvfzibinar olub,
evtektik tiplidir. Sistemin likvidusu uygun olaraq Sb,Ses birlosmasi asasinda amala galon 6-
bark moahlulun va CuCr,Te, birlosmasinin faza kegidlori asasinda amala golon a vo B-bork
mohlullarin maye ilo tarazliqda olan monovariant tarazliq ayrilorindon ibaratdir.

Sistemdo 0-20 mol % CuCr,Tes gatiliq intervalinda mayedoan o&-bark mohlulun
kristallart ayrilir vo evtektika noqtasinds basa gatir. Digor 20-100 mol % CuCr,Tey intervalda
mayedan a va B-bark mohlullarin ilkin kristallart ayrilir.
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da3oBoe paBHOBecue B cucteme SbySe;-CuCr,Tey
Macuesa' J1.®
1 . . .
Aszepoatiocanckuti Texnuueckuil Ynusepcumem

®da3oBoe paBHOBecue B cucreMe Sb,Ses-CuCryTe; m3ydeHo meromamu (DU3HKO-
XUMHUYECKOTo aHanu3a, auddepennuanpao-repmudeckoro (ITA), pentrenodazoBoro
(PDA), muxpoctpykrypsl (MCA), TUIOTHOCTH ¥ MHUKPOTBEPIOCTH, MOCTPOCHA ero (a3zoBas
nuarpamma. B pesynbrate MUKPOCTPYKTYPHOTO aHajiH3a ONpPEAeNICHO Haluuue OJHO(a3HBIX
TOJICH ISt ICXO/IHBIX KOMIIOHCHTOB. BBIJIO YCTAHOBIICHO, YTO IMPU KOMHATHOH TEMIIepaType
TBEPJIbI pacTBOp Ha OcHOBe SbySes nocturaer 5 moi. %, A Ha ocHoBe coequHeHus CuCryTey
- 1o 13 mou. %.

CusAs;Tey-CrAsTe; KOSIYININ FAZA TORKIBININ ARASDIRILMASI
ismaytloval.S.S

'Azorbaycan Milli EA-nin akad. M.F.Nagiyev adina Kanaliz va Qeyri-iizvi Kim
va Institutu

Acar sozlar: faza, mikrobarklik, sixlig, geyri-kvazibinar, sinqoniya.
Keywords: phase, microhardness, density, non-quasibinary, syngony.

CusAssTeg-CrAsTessisteminda faza torkibi va garsiligh tasir fiziki-kimyavi analiz
metodlart (DTA,RFA,MQA va sixligin va mikrobarkliyin tayinin) vasitasilo tadgiq edilmisdir.
Miiayyon edilmisdir ki, sistemin faza diagrami qeyri-kvazibinardir. Sistemda yalniz
CusAssTegbirlagmasi asasinda otaq temperaturunda 5 mol % CrAsTes hall olur. CusAssTeg-
CrAsTegsisteminin arintilorinin - mikrobarkliklorinin  va sixliglarinin  tarkibdon asililiglar
oyranilmisdir/

Arsen xalkogenidlori asasinda alimmis miirokkab torkibli birlosmalorin fiziki-kimyovi
xassalori kifayat gadar todgiq edilmomisdir. Bu sahoads adobiyyatda ti¢lii sistemlarin tadgigina
aid bazi todqiqatlar aparilmisdir [1-4]. Arsen xalkogenidlori vo onlar osasinda alina iiclii vo
daha miirokkab torkibli fazalar fotoelektrik, liminessent xassali yarimkegirici materiallardir [5-
8]. As,Tes birlosmasi do optiki vo termoelektrik xassoloro malikdir [9-12].

Isin mogsadi CuzAssTeg-CrAsTes sistemindo kimyavi qarsiligl tasiri todgiq etmaklo,
onun faza torkini miiayyan etmoklo, onlarin fiziki-kimyoavi xassolorini 6yronmokdir.
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CusAs,Tey birlosmasi  320°C-do  kongruyent oriyir vo tetragonal singoniyada
krist%’llasu, qofos parametrlori: a =13,86; ¢ = 18,05 A, Z=9, ppikn=6,96 q/sm3, Prent.=7,06
g/sm°.

CrAsTes birlogmasi 375°C-do inkongruyent oriyir vo CrAsTes tipindo tetragonal
sinqoniyada kristallasir, elementar qofos parametrlori:: a= 14,246; ¢=5,993 A, Ppikn.=6,57
a/sm®, prent.=6,96 g/sm* .

Tocriibi hisso

CusAssTeg-CrAsTes sisteminin ilkin komponentlori yiiksok tomizlikli elementlordon
tam torkibdo alinmasina nail olduqdan sonra CuzAssTeg-CrAsTes sisteminin arintilori ampula
metodu ilo CusAssTeg Vo CrAsTes komponentlordan sintez edilmisdir.

CusAs,Teg-CrAsTes sisteminin arintilori diferensial-termiki (TDA), rentgenfaza analizi
(RFA), mikroqurulus (MQA) hamginin sixligin vo mikrobarkliyin toyini metodlar1 vasitasilo
todqiq edilmisdir.

Niimunalorin DTA analizi NTR-73 markali pirometrdo aparilmigdir. Termociit olaraq
xromel-aliimeldon istifads edilmisdir. Niimunoalorin qizma siirati 10°C/doq olmusdur.

Orintilorin  rentgenfaza analizi D2 PHASER markali rentgen difraktometrindo
aparilmigdir. Mikroqurulus (MQA) analizi MIM-8 markali mikroskopda hoyata kegirilmisdir.
Faza sorhodlorini miioyyan etmok ii¢iin aydinlagdirici olaraq KOH+C,HsOH = 2:1 vo
HNO3+H,0, = 1:2 nisbotindo mohlullar gétiiriilmiisdiir. Mikroborklik PMT-3 markali
metallografik mikroskopda oOlgiilmiisdiir. Niimunalorin xiisusi ¢okilori piknometrik iisulla
toyin edilmisdir, doldurucu mahlul kimi toluol gétiiriilmiisdiir.

Naticalar va onlarin miizakirasi

CuszAs,Teg-la zonginarintilor kompakt kiitlo halinda olub, parlag-boz rongli maddslordir.
CrAsTe;s birlosmosinin miqdart artdiqca orintilorin giimiisii rongli olurlar. Sistemin orintilori
havaya suya vo iizvi holledicilora qarst davamlidir. Onlar qiivvotli mineral tursularda ( HNOs,
H,SO4) yaxst holl olurlar. Niimunalorin homogenlosdirilmasi basa c¢atdirildigdan sonra
sistemin orintilorinin fiziki-kimyavi analizi aparilmigdr.

CuzAs,Teg-CrAsTessisteminin  orintilorinin  diferensial-termik analizi aparilmis vo
miioyyan edilmisdir ki, sistemin arintilorinin termoqramlarinda iki va ti¢ endotermiki effektlor
miisahido edilir. Sistemdoa termiki effektlorin ¢ox olmasi, fazalarin ¢ox oldugunu gostorir Ki,
komponentlor arasinda miirokkob qarsiligh tosir bag verir. Termiki emaldan sonra sistemin
arintilorin mikroqurulus analizi aparilmis vo askar edilmisdir ki, sistemdo birfazali, iki vo
ticfazali saholor movcuddur. Sistemdo kigik sahodo bark mohlul sahosi CusAs;Teg
birlosmoasiosasinda miioyyan edilmisdir.

CusAs,Teg-CrAsTessisteminin faza diaqgraminin qurulmasinda istifado edilon DTA va
MCA analizlorinin naticalorini tosdiq etmok ii¢lin sistemin miixtalif sahalorindon olan
arintilorin rentgenfaza analizi aparilmigdir.

Rentgenfaza analizinin noticosindo  miioyyon edilmisdir ki, sistemin orintilorin
difraktoqramlarinda miisahido edilon difraksiya Xatlori ilkin komponentlorin difraksiya
Xatlorindon basqa digor fazalarin difraksiya xatlori do istirak edilir. Naticolora asasan demak
olar ki, sistemdo ti¢ faza istirak edir.

CuzAs,Teg-CrAsTes sisteminin arintilorinin mikrobarkliklorinin 6l¢iilmasinin naticalori
cadval 1-do verilmigdir. Cadvaldon goriindiiyli kimi mikrobarkliyin dord qiymati alinmigdir.
Mikroborkliyin 1960 MPa qiymoati CuszAssTeg osasinda omoalo golon o — boark mohlulun
mikrobarkliyina, 1650 MPa giymoti As,Tes-lin, 1850 MPa qiymoti CuAs,Tes-iin vo 850 MPa
giymati iso CrAsTes; birlosmasi osasinda omalo goalon bork mohlulun mikrobarkliyina
uygundur.
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STUDY OF THE PHASE COMPOSITION OF THE Cu3As;Teg-CrAsTe; SYSTEM

Ismaylova®.S.Sh
Summary

YInstitute of Catalysis and Inorganic Chemistry named after M.F. Nagiyev National Academy

of Sciences of Azerbaijan

The phase composition and interactions in the CusAssTeg-CrAsTe; system were studied by
methods of physicochemical analysis (DTA, RFA, MQA and determination of density and
microhardness). It turned out that the phase diagram of the system is not quasi-binary. In the
system at room temperature, solid solutions based on CuzAs;Teg reach 5 mol %, while solid
solutions based on CrAsTes have practically not been established. The dependence of
microhardness and density on the composition of the CusAs,Teg-CrAsTe; system has been
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NANO-Ni-Al,03 KATALIZOTORU ISTIRAKI iL® METANDAN
NANOKARBONUN ALINMASI

I'bral.u'mov H.C., Yusifov Y.H., Molikli S.R.,
Ibrahimova Z.M., 9lasgarova S.M.

AMEA-nin Y.H.Mommodaliyev adina Neft-Kimya Proseslori Institutu
Acar sozlar: Katalizator, dasiyici, zol-gel metod, metan, karbon nanoborulari

Respublikada boyilik tobii qaz ehtiyatlarinin moévcudlugu ondan tokco nogliyyat
vasitalori iglin miiharriklords yanacag kimi deyil, eyni zamanda digor saholords, masalon,
kompozitlor, kegirici ortiiklor, boyalar, sorbentlor, yiiksok potensiala malik nanokarbon
materiallarin alinmasi istigamatindo istifado perspektivlori agir. Hazirda karbon nanoborularin
vo liflarinin asas alinma tisulu karbohidrogen xammalinin pirolizi hesab olunur. Digarloring
nisbaton bu tisulla nanokarbonun alinmasi ii¢lin ¢ox yiliksok temperatur vo tozyiq tolob
olunmur: prosesi adi kimyovi reaktorlarda aparmaq ve mohsulu daha yiiksok ¢iximla aldo
etmok miimkiindiir. Son 20 ildo karbon nanoborulari, asason Fe, Co, Ni katalizatorlari
tizorindo miixtolif karbohidrogen xammallarinin pirolizindon alinir vo burada nanodlgiilii
moasamoalara malik dasiyicilarin segilmasi karbon nanomateriallarinin ¢iximina, morfologiyasi
Va oOlgiilorine 6namli tesir gostarir [1-2]. Bu tip dastyicilar igarisinde mitkoammal satha malik
Vo masamoalorinin Slgiilarine géra monodispers paylanmasi Sayasindo Kkatalitik cohotdon
yiiksak segiciliklo xarakterizo olunan nano-Al,Os-lin sol-gel metodu ilo sintez istigamati
aktuallig1 ilo forglonir. Burada istifado olunan stabillogdirici-¢okdiiriicii agent — aminlor
AI(NO3)s-1n hidrolizini hoyata kegirmoya imkan vermoklo yanasi, hom do alinan Al(OH);
gelinin aqreqatlasmasinin da qasisin1 almis olur. Alinan hissociklor 800°C temperatur
tosirindan pargalanir vo yenidon kristallagaraq y-Al,O3 nanostrukturunu omalo gotirir:

Al(NO3)3 — Al(OH)3 —_— ’y-A|203

v-Al,O3 kristalitinin RFA metodu ilo difraksiya maksimumlarina goro hesablanmig
Olgiilori 4-6 nm toskil etmis, y-Al,O3 mosamolorine hopdurma tsulu ilo Ni(NOgz);
yerlosdirilmis vo reduksiya prosesi CVD qurgusunda 480-500°C-dos 1 saat, hidrogenin hacmi
stiroti 500 ml/dog verilmoklo hoyata kegirilmigdir. Ni-in y-Al,03-do miqdart 0,5-2,0% kiit.
intervalinda tonzimlonmisdir. Mioyyonlosdirilmisdir ki, Ni atomlarnin nanosaviyyado
dastyiciya effektiv yerlosdirilmasi naticosinds katalizatorun optimal miqdarlarinda (1,5-2,0%
kiit.) karbon nanoborularin ¢iximini tabii gazin va digar komponentlorin nisbatlorini, verilma
stiratlorini, temperaturu tanzimlomokls optimallasdirmaq miimkiindiir.

Sintez zamani optimal temperaturun toyin edilmasi ti¢iin prosesin temperaturu 550 ilo
900°C arasinda tonzimlondirilmigdir. Kinetik molumatlardan 900°C temperaturda karbon
hissaciklorinin amalo golma siiratinin ¢ox yiiksok oldugu, bununla birlikdo Kkatalizatorun
stirotlo  deaktivasiyaya ugradigi miioyyanlosdirilmisdir. Prosesi 900°C-don  yuxari
temperaturlarda aparmaq arzuolunmazdir, ¢linki bu zaman a-Al;Os-in kubik
modifikasiyasinin gisman omoala galmosi bas verir vo bu da karbon nanohissaciklorinin
boyiimasine monfi tosir gostorir. Digor torofdon, reaksiya temperaturunun 550°C-ya
endirilmasi karbon mohsulunun ¢iximinin koskin azalmasina gotirib ¢ixarir. Todqigatin
naticalori gostormisdir ki, katalizatorun torkibina 2,0% kiit. misin hopdurulma metodu ilo
yerlosdirilmasi noticasinds nanokarbonun ¢iximinda ikigat artma miisahido olunur: misin
sistemo daxil edilmasi naticasinds katalizatorun stabilliyi, islomo miiddati yiiksalir, katalizator
hissaciklori tizorindo koksomolagalmads azalma miisahido olunur [3-4].
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NANO-Ni-AlI203 KATALIZOTORU iSTIiRAKI iLO METANDAN
NANOKARBONUN ALINMASI

Ibrahimov H.C., Yusifov Y.H., Molikli S.R., Ibrahimova Z.M., 9dlasgarova S.M.
Xiilasa

Zol-gel metodu ilo AI(NO3)s-lin aminli birlosmalorls hidrolizi hoyata kegirilmis, inkisaf
etmis sotho malik vo mosamalarinin 6lgiilorinin monodispers paylanmasi sayasindo katalitik
cohoatdon yiiksok segiciliklo xarakterizo olunan nano-Al,O3; alinmigdir. Masamolorina 0,5-
2,0% kiit. Ni yerlosdirilmis katalizatorun istiraki ilo metanin CVD qurgusunda pirolizi hayata
kegirilmisdir. Miioyyanlosdirilmisdir ki, Kkatalizatorun optimal miqdarlarinda karbon
nanoborularin ¢iximini tobii qazin vo digor komponentlorin nisbatlorini, verilmo siiratlorini,
temperaturu tonzimlomoklo idaro etmok miimkiindiir. Gostorilmisdir ki, katalizatorun
torkibina misin yerlosdirilmasi noticasinds katalizatorun stabilliyi, islomo miiddati yiiksalir.

IHHOJYYEHUE HAHOYTJIEPOJA U3 METAHA ITPU YYACTUHU
HAHOKATAJIU3ATOPA Ni-Al203

Hopazumos X./I., lOcughos 10.I'., Menuxnu C.P., Hopacumosa 3.M., Aneckepoea C.M.

Pe3rome

3onb-renb MeronoMm mposeaeH ruaponu3 Al(NOs); ¢ yuacTHeM aMHHOB, HOJNY4YEH
XapaKTePU3YIOIIUICS Pa3BUTON MOBEPXHOCThIO HaHO-Al,O3 wubnaromaps paBHOMEpHOMY
paclipelieieHul0  1Mop 1O  pa3MepaM  OO0JafalouIMii  BBICOKOW  M30MPaTenbHOCTHIO.
OcymiecTBiieH nupoau3 MeraHa Ha ycraHoBke CVD B mpucyrcTBHe katanusaropa, B mopax
kotoporo pasmenieHo 0,5-2,0% macc Ni. YcTaHOBICHO, YTO MPU ONTUMAIBHOM COJICPIKAHUU
KaTaJlu3aTopa BbIXOJ HAHOTPYOOK YIjeposia MOXHO KOHTPOJMPOBATH PEryIupOBaHHEM
COOTHOMICHUA TMPUPOAHOr0 rasa MW ApYIruX KOMIIOHCHTOB, CKOPOCTH HUX IMOJa4Yu H
temneparypbl. IlokazaHo. 4YTO pa3MelleHHeM B IOopax KaTajlu3aTopa MeAH BO3MOXKHO
MOBBIIICHHE CTAOUITLHOCTH M BPEMEHH pabOThI KaTan3aTopa.

PRODUCTION OF NANO CARBON FROM METHANE IN THE PRESENCE
OF Ni-Al,03 NANOCATALYST

Ibrahimov H.C., Yusifov Y.H., Malikli S.R., Ibrahimova Z.M., Alesgerova S.M.
Summary
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The sol-gel method was used to hydrolyze AI(NO3); with the participation of amines,
obtained nano-Al,O5 characterized by a developed surface and due to the uniform pore size
distribution has a high selectivity.Methane pyrolysis was carried out in a CVD unit in the
presence of a catalyst with 0.5-2.0% wt. Ni placed in its pores. It was found that at the optimal
content of the catalyst, the yield of carbon nanotubes can be controlled by regulating the ratio
of natural gas and other components, their feed rate and temperature. It was shown that by
placing copper in the pores of the catalyst, it is possible to increase the stability and operating
time of the catalyst.

PbTe- Bi,Tes- Sh,Te; SISTEMINDO PbBi;Te; OSASINDA BORK MOHLULLAR
1Agazada A.L, 'Oruclu E.N., ‘Babanh M.B.

YKataliz vo Qeyri-iizvi Kimya Institutu, AMEA
aytenagazade94@gmail.com

Agar sozlor:PbTe-Bi,Tes—Sh,Tes sistemi, bark mohlullar, tetradimitobanzor qurulus,
topoloji izolyatorlar

Keywords: PbTe — Bi,Tes — Sb,Te; system, solid solutions, tetradymite-like structure,
topological insulators.

Isdo RFA iisulu ilo PbTe — Bi,Tes — Sh,Tes sistemi PbBi,sTe; — “PbSb,Te;” kasiyi iizro
Oyronilmigdir. Miiayyan edilmisdir ki, odobiyyatda gostarilon PbSh,Te; torkibli birlosmoa
movecud deyil. Sistemdo PbBisTe; birlosmasi asasinda genis (40 mol% - don artiq) bark
mohlul sahosi askar edilmisdir. Alinmig bark mohlullarin kristal qofos parametrlori Ritveld
tisulu ilo hesablanmis v onlarin torkibin Xatti funksiyalari olmalar1 miiayyan edilmisdir.

Giris

AV_ BY _ Te sistemlorindo ( A _ Ge, Sn, Ph; BY — Sb, Bi ) amalo golon tiglii tetradi-
mitobanzar AVBY,Tes, AVBY,Tes, AVBYsTerg Vo s. birlosmalor asagr istilik kegiriciliyi olan
termoelektrik materiallaridir. Son zamanlarda aparilan todgigatlar bu birlogsmolorin ham do
icolciilii topoloji izolyator xassasine malik oldugunu vo bu sabobdan spintronikada, kvant
hesablamalarinda, tibbdo vo tohliikesizlik sistemlorinds istifads tigiin olduqca perspektivli
olmalarini gostordi[1-6].

PbTe — Bi,Tes — Sh,Tes sistemi tetradimitobonzor layli quruluslu binar vo {gli
birlosmalor asasinda Bi«>Sb avozlomali bork mohlullarin axtarigi baximindan maraqlidir. Bu
qatiliq iighucaginin sorhod sistemlari bir sira iglordo dyronilmisdir.

Qeyd edilonlori nazors alaraq isdo PbTe-Bi,Tes-Sh,Tes kvazitiglii sisteminds faza taraz-
liglar todqiqi davam etdirilmis vo bu sistemin PbBisTe; — “PbSbsTe;” kasiyi tizro naticalor
verilmisdir.

Tacriibi hisso

Tetradimitobonzor ti¢li birlosmolor bir gayda olaraq inkongruyent ariyirlor [7], ona géroa
do PbTe-Bi,Tes-Sh,Tes sisteminin Xolitolorinin hazirlanmasi tciin ilkin materiallar kimi
kongruyent oriyan binar birlogsmalordon istifads etmok moagsadouygundur. Bu maqgsadlo
avvalco PbTe, Bi,Tes, Sbh,Tes ilkin birlosmolorini sintez edilmisdir. Sintez stexiometrik
nisboatlords gotiiriilmiis yiiksok tomizlik doaracasine malik olan elementar komponentlorin
vakuum soraitindo (10 Pa) kvars ampulalarda birgo oridilmasi ilo alinmisdir. Sridilma tem-
peraturu miivafiq birlosmalarin arima noqtasindon [8] 30-50° yuxari olmusdur. Sintez
olunmus birlogsmolorin individualligr differensial termiki analiz (DTA) vo rentgen faza analizi
(RFA) tisullar ilo tosdiq edilmisdir. PbBisTe; — “PbSbsTe;” kasiyinin niimunaloril000 K-da
sintezedilmis vomaye haldan buzlu suya atilaraq tablandirilmigdir. Niimunolori tarazliq halina
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maksimal yaxinlasdirmaq tiglin onlar 730-750 K-do 800 saat orzindo termiki emaldan
kecirilmigdir.

Almmis xalitolor RFA {isulu ilo todqiq edilmisdir. Niimiinolorin toz difraktoqramlari
Bruker D8 PHASER (CuKa siialanma, 20 = 5° -75° intervalinda) difraktometri vasitasSilo
alinmisdir.

Naticalar vo onlarin miizakirasi

PbBisTe; — “PbSbsTe;” kasiyi tizra termiki emaldan kegirilmis 20, 30, 40, 50, 60, 80
mol% PbBisTe; torkibli niimunoslorin ovuntu difraktogramlart ¢okilmisdir. Miioyyan
edilmisdir ki, 60va 80 mol% PbBi4Te; torkibli xalitalorin difraksiya monzaralori tam oxsardir
vo PbBisTe; birlosmasinin difraksiya monzorasi ilo keyfiyystco eynidir. Bu xalitalorin
difraksiya Xatlori PbBisTe; birlosmasina nazaran bir gadar boyiik bucaglara dogru siiriisiir ki,
bu da bark mohlul amalo galmasi naticasinds gofos parametrlorinin doyismasilo baglidir.
Nimiino tg¢iin Sokil 1-do 60 mol% PbBisTe; torkibli xolitonin vo miigayisa iiciin
PbBisTe;birlasmasinin ovuntu difraktoqramlari verilmisdir.

| 60 mol % PbBisTes

Intensity [counts]
"
=

] |
o S ) el A A
| U S l I | S B e

- PbBi:iTes

b
TN\ Voo S SN I\ \ A A J \
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Diffraction Angle [726]
Sakil 1. PbBi;sTe;—PbSbsTe;” sisteminin 60 mol% PbBisTe; torkibli xalitasinin va
PbBisTe;birlosmasinin ovuntu difraktogramlari

Hazirladigimiz 20 vo 40 mol% PbBisTe7 (Sokil 2) torkibli niimunoslorin difraktoqramlari
onlarin mivafiq olaraq 2 vo 3 fazali olduqlarini gostorir. 20 mol% PbBisTestorkibli
niimunonin difraktoqraminda (Sokil 2b) a-fazanin oksolunma bucaqlart PbTe-un difraksiya
Xatlori ilo ist-iisto diislir, SbyTes osasinda B-fazanin difraksiya xatlori iso tomiz Sh,Tes-o
nozoron kigik bucaglar istiqgamotinds bir godor siiriisiir. Bu, Bi,Tes—Sh,Tes sisteminds
fasilasiz bark mohlullar amala golmoasi ils alagedardir.
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Sakil 2. PbBisTe;—PbSb,Te;” sisteminin 40 (a) vo 20 (b) mol%PbBi,Te; torkibli
xalitalorinin ovuntu rentgenoqramlari

Ovuntu difraktogramlarindanFullprof komputer programu vasitosiloRitveld metodu ilo
bark mohlullarin kristal gofos parametrlori hesablanmisdir (Cadval 1). Onlara ssaslanaraq
gofos parametrlorinin gatiliqdan asililiq grafiklori qurulmusdur (Sokil 3.) Sokil 3-don aydin
goriiniir ki, har iki parametr qatiligdan asili olaraq xotti doyisir. Rentgenoqramlarin analizina
osason PbBisTe; — “PbSbsTe;” kosiyi izra niimunalor 86—, B+y+6, a+p+y, o+p faza torkiblorino
malikdir (Sokil 3).

Cadval 1.
PbSh,.,BixTes xalitolorinin gofos parametrlori.
Tarkib (mol %) Faza tarkibi Qafas parametrlori (A)

a C

PbBisTe; 4.4198 23.4754

80 d 4.4485 23.3176

60 d 4.4521 23.2786

40 B+y+d *4.4534 *23.2532
20 at+p — —
“PbSb,Te;” (X+B — —

Qeyd: *- isarasi ila gostarilmis parametrlor y- fazaya aiddir.
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Sakil 4. PbBisTe; — “PbSbaTe;” kasiyi lizro qofos parametrlorinin torkibdon asililig:

Beloliklo, PbTe-Bi,Tes—Sh,Te; sistemi PbBisTe;— “PbSbsTe;” kosiyi iizro todqiq
edilmisdir. Gostorilmisdir ki, homin kasik tizro PbBisTesesasinda tetradimitobanzar layli
quruluslu genis (~ 40 mol%) bark mohlul sahosi amoalo galir. Alinmis & bark mohlullar
topoloji izolyator materiallart kimi maraq kosb edirlor.
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SOLID SOLUTIONS BASED ON PbBisTe; IN THE PbTe- Bi,Tes- ShyTes
SYSTEM

YAghazade A.I., *Orujlu E.N., ‘Babanly M.B.

YInstitute of Catalysis and inorganic chemistry, ANAS
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PbTe-Bi,Tes-Sb,Te; system has been studied by DTA and RFA methods along the
PbBisTe;- "PbSh,Te;" section. It was established that there is no compound with shown in the
literature PbSh,Te;formula in the system, but wide (more than 60 mol%) area of solid
solution area exists based on the PbBisTe; compound. The crystal lattice parameters of the
obtained solid solutions were calculated by the Ritveld method and was established, that they
are linearly depend on composition.

Sh,Tes+2Bils—Bi; Tes+2Sbl; QARSILIQLI SISTEMININ LIKVIDUS
SOTHININ PROYEKSIYASI

'ohmadov E.C., #*aliyev Z.S., *Mahmudova M.A.,'Babanli M.B.

Kataliz vo Qeyri-iizvi kimya institutu, AMEA
2Azorbaycan Doviat Neft va Sonayesi Universiteti
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elvin.ehmedov.2014@mail.ru

Acgar sozlar: bismut vo stibium telluridlori, bismut vo stibium telluroyodidlori,
qarsiligh sistem, faza diagramu, likvidus sathi, bark mahlullar.

Sh,Tes+2Bil;Bi;Tes+2Sbl; qarsiligh sistemindos faza tarazliglar1 differensial termiki
analiz (DTA) vo rentgenfaza analizi(RFA) isullar ilo todqiq edilmis vo sistemin likvidus
sothinin proyeksiyast qurulmusdur. Miioyyon edilmisdir ki, sistemda SbTel- BiTel kasiyi
stabildir va ilkin birlosmoalor asasinda genis bark mahlul sahalori amalo gatirir. Likvidus sothi
tizorindo 5 fazanin ilkin kristallasma sahoasi, homginin onlar1 sarhadlondiron non- vo
monovariant tarazliq noqtalori vo ayrilorinin tiplori vo koordinatlari toyin edilmisdir.

GIRIS

Yiiksok texnologiyalar {igiin xiisusi fiziki xassaloro malik miixtolif toyinatli yeni qeyri-
tizvi funksional materiallarin alinmast miiasir materialsiinasligin aktual problemlorindan
biridir. Belo materiallar sirasinda pyezoelektrik, fotovoltaik, termoelektrik, yarimkegiri vo
topoloji izolyatorlarla yanasi 3D Ragba spin pargalanmasi (RSP) niimayis etdiron maddalor
xiisusi yer turur [1-6]. RSP xasssli materiallarin on tipik niimayondasi BiTel birlosmasidir [7-
9].

Bu baximdan stibium vo bismutun xalkogenid va halogenidlarindon toskil olunmus
coxkomponentli sistemlor boyiik maraq kasb edir, ¢iinki onlarda xalkohalogenid birlogmalari
osasinda genis ovozolunma bark moahlullarinin amols golmasi gézlonilir.

Bu isdo Sb,Tes+2Bils<—BiyTes+2Sbls  garsilighh  sistemin  likvidus  sathinin
proyeksiyasina aid yeni naticalor tagdim olunur.

Owvalki todgigatlarda biz Sb,Tes+2Bil3<>Bi;Tes+2Sbls qarsiliglt sisteminin boarkfaza
tarazliglar1 [10], bu sistemin SbTel-BiTel [11] vo SbTel-Bi,Tes [12] politermik kasiklori
Oyronilmisdir.

TOCRUBI HiSSO

Todqigatlar {iglin niimunolor Almaniyanin Alfa Aesar firmasindan alinmis yiliksok
tomizlik doarocali (99.999%) elementar komponentlordan istifado etmoklo hazirlanmisdar. ilkin
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binar (Sh,Tes, Bi;Tes, Sbls, Bils) vo igli (SbTel vo BiTel) birlogsmolorin stexiometrik
nisboatlords gotiiriilmiis elementar komponentlor kvars ampulalara yerlasdirilmis, onlarin
havasi ~107 Pa qaliq tozyigo godor sorulmus ve agizlari oksigen-tobii gaz alovunda oridilorak
baglanmisdir. Tarkibinds ugucu komponent (yod) olan birlosmalarin sintezi ikizonali sobada
aparilmigdir. Birlogsmolori daha bircins halda almagq ti¢iin onlar arims temperaturlarindan ~30-
50 K asagida termiki emal olunmusdur. Biitiin sintez olunmus birlogsmalor DTA vo RFA
tisullar ils identifikasiya edilmislar.

Sb,Tes+2Bil3—BiyTes+2Sbls qarsiliglt sisteminin bir sira kosiklori tizro miixtalif
torkibli niimunalor 6ncadon sintez vo identifikasiya olunmus binar vo tiglii birlosmalorin
vakuum soraitinds birgo oridilmasi ilo sintez edilmisdir. Alinmig orintilori tarazliq halina
maksimum yaxinlasdirmaq ti¢iin onlar solidusdan bir godor asagida uzun miiddst (~500 saat)
termiki emaldan kecirilmisdir.

Termiki emal olunmus niimunoalor differensial termiki analiz (DTA) va rentgenfaza
analizi(RFA) tisullar ilo tadqiq edilmisdir.DTA {tigiin NETZSCH 404 F1 Pegasus sistemi (10
K/daq) qurgusu, RFA ii¢iin Bruker D8 PHASER (CuKa siialanma, 260 = 5° -75° intervalinda)
difraktometeri istifads edilmisdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Sh,Tes+2Bil3—Bi, Tes+2Sbls qarsiligh sisteminin likvidus sothini qurmaq tiglin sintez
edilmis niimunalorin DTA vo RFA naticalorilo yanasi sarhad kvazibinar sistemlora aid
molumatlardan [13-16], homg¢inin sistemdo borkfaza tarazliglarina [10] vo bozi daxili
kosiklora aid [11, 12] avval aldigimiz naticalordan istifads olunmusdur.

Likvidus sothinin proyeksiyasi sok.1-do verilir. Goriindilyi kimi, likvidus 5 ilkin
kristallagma sahalarindon ibaratdir. ©On genis sahalor a- Vo y,- fazalara aiddir (a- SbyxBixTes,
v2-BiTel asasinda bark mohluldur). Sbls, Bilz vo SbTel birlosmolori asasinda Bi-, Bo- Vo y1-
fazalarinin likvidus sathlori Sbls—Bils sarhad sistemi boyunca nazik zolaglar soklindadir. Bu,
onlarin kristallasma temperaturlarinin o- Vo v,- fazalarla miiqayisodo ¢ox asagi olmasi ilo
olagodardir.
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P] ; Uj 700 \‘ ’
5 @ 750 @
20 E
@ 800
40 —
2 @
'S
60 -
K
————————————————— — — — —oD
@ e,
80 —
850 \
| | | |
Sb,Te, 20 40 60 80 Bi,Te,

mol%
Sakil 1. Sh,Tes+2Bilz«>Bi;Tez+2Sbl; qarsiligli sisteminin likvidus sathinin

proyeksiaysu. Ilkin kristallasma sahalori: 1-a; 2-y2; 3-y1; 4-B1; 5-Ba.
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Gostarilon ilkin kristallasma sahoalori bir-birilo bir sira monovariant taraqliq ayrilari va
nonvariant tarazliq noqtalori ilo sshadlanirlor. Sistemds miisahido olunan biitiin nonvariant vo
monovariant tarazliqlarin tiplori vo koordinatlar1 cadval 1 va 2 —do verilir.

Cadval 1.
Sh,Te;+2Bil;—Biy Tes+2Sbls qarsiligl sistemindo nonvariant tarazliglar
Likvidusda Tarazhq Torkib, mol% TK
Noqto Sb,Tes Bi,Tes 2Sbl; '
D L < BiTel - 66,67 - 828
€1 L < SbTel + Sbls 1 - 99 444
e Lo Br+Bs - - 87 418
€3 L < BiTel + Bils — 2 — 680
€4 L < Bi,Tes + BiTel - 75 - 823
P, L + Sb,Tes <> SbTel 5 - 95 645
P2 L+tat+y,omn 8 - 85 665
U, L+yie B+ 3 - 86 442
U, L+vy,< B+ P2 2 - 84 438
Cadval 2.
Sh,Te;+2Bil3—Bi, Tes+2Sbl; qarsiligl sistemindo monovariant tarazliglar
Likvidusda ayri Tarazliq TK

esK Loaty, 823-810

KP, L+oey, 810-665

P2Py L+aey 665-645

P,U; Leoyitys 665-442

e1Uy LeBity 444-442

U:U, Lo Bty 442-438

U.e; Lo B+ 438-418

esUs Lo Bty 680-438

Baxilan sistemdo faza tarazliqlarmmin maraqli xiisusiyyoti ondan ibarotdir ki, es-
evtektika noqtosindon ¢ixan evtektik tarazliq oyrisi (e4K) SbTel-BiTel kvazistabil kasiyini
kasib kegir vo bu koasik tizorinds (sok., K-ndqtasi) peritektik tarazliq ayrisina (KP) ¢evrilir.
Ona goras do cadval 2—ds hamin ayri 2 miistaqil ayri (esK vo KP5) kimi gostorilmisdir.

Sbh,Tes+2Bil3—Biy Tes+2Sbls qarsiligh sisteminin likvidus sothinin proyeksiyasina aid
aldigimiz yeni naticolor verilmis torkibli a-, yi- Vo y,-fazalarin sintezi vo monokristallarinin
yetigdirilmasi ti¢iin istifado oluna bilar.
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Phase equilibria in the Sb,Te;+2Bils«<>Bi,Tes+2Sblsreciprocal system were studied by
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26
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Keywords: silver-silicon chalcogenides, argyrodite type phases, phase equilibria, solid
solutions, polymorphic transformation.

Isdo AQsSiSe-AgsSiTegvo AgsSiSes-AgsSiTes sistemlori DTA vo RFA iisullar ils todqiq
olunmus, onlarin T-x faza diaqramlari qurulmusdur. Miiayyon edilmisdir ki, har iki sistem
kvazibinardir vo ilkin birlogsmolorin yiiksoktemperaturlu kubik modifikasiyalar1 arasinda
fasilosiz, AgsSiSeva AgsSiSes birlosmalarinin asagitemperaturlu modifikasiyalar1 asasinda isa
mohdud avazolunma bark mohlullart amals gatirir. Bark mohlullarin amals galmasi sulfid vo
selenid birlogsmalorinin polimorf ¢evrilma temperaturlarinin azalmasi ilo miisaiyat olunur.

GIRIS

Gumisiin  miirokkob xalkogenidlari, hamg¢inin onlar osasinda bark mohlullar va
asqarlanmis fazalar qarisiq ion-elektron kegiriciliyino, termoelektrik, fotoelektrik, optik va s.
xassalora malik olan funksional materiallardir [1, 2]. O cimladan, AgsBXg tipli (B-Si, Ge, Sn;
X-S, Se, Te)birlosmolor (argirodit mineralinin sintetik analoglar1) Ag* kationuna gora yiiksok
ion kegiriciliyina malik olub, ionselektiv elektrodlar, bark elektrolitlor va s. kimi tatbiq {igiin
pespektivlidirlor [3-7].

Odabiyyatdan [1-3] malumdur ki, argirodit tipli oksar birlasmalar polimorf fazalar olub
nisboton asagi temperaturlarda (50-250°C) polimorf c¢evrilmolors moruz qalirlar. O
¢limlodon,AgsSiSgbirlogmasi 940°C-da aclq maksimumla oriyir vo 234 °C-do polimorf
cevrilmoys ugrayir, AgsSiSegbirlosmasi iso 930°C-do konrgruent oriyir vo 10 va 40 °C
temperaturlarda polimorf ¢evrilomoloro moruz qalir. Hor iki bilosmonin yiiksoktemperaturlu
modifikasiyast kubik (F.gqr. F43m) qurulusa, otaq temperaturlu modifikasiyalari iso
ortorombik  (AgsSiSe- F.qr. Pna2;,AgsSiSes- F.qr. P4,32)qurulusamalikdirlor. AgsSiTes
birlosmasi kubik gofasda kristallasir (F.qr. F43m).

Qeyd edilanlor gostarir ki, AgsSiSe-AgsSiTesva AgsSiSes-AgsSiTeg sistemlorinds kubik
quruluslu fasilasiz yiiksok bark mohlul siralarinin amalogalmasins gatirib ¢ixara bilar.

Togdim olunan isin moqsadi miivafiq anionavazlomali bark moahlullar almaq igiin
AgsSiSe-AgsSiTegvo AgsSiSes-AgsSiTes sistemlorinds faza tarazliglarinin todqigidir.

TOCRUBI HiSSO

Tadqgiqatlar ii¢iin avvalca ilkin tiglii birlosmolor sintez edilmisdir. SintezlorAlfa Aesar
firmasinin istehsali olan yiiksok tomizlik doracasino malik bosit maddslorin stexiometrik
nisbotdo gotiiriilmiis qarisiglarinin kvars ampulalarda vakuum soraitindo (102Pa) oridilmasi
ilo aparilmisdir. AggSiSgva AQsSiSegbirlosmalarinin arimos temperaturlarinda kiikiirdiin va
selenin buxar tozyiqi yliksok oldugundan [8] onlarin sintezi maili sobada ikizonali rejimda
aparilmigdir.

Sintez olunan birlosmoalarin fordiliyi DTA vo RFA disulalr ilo tosdiq edilmisdir.
Miioyyan edilmisdir ki, qizma termoqramlar1 asasinda miiayyoan edilmis arima vo polimorf
cevrilma temperaturlari, homginin ovuntu rentgenoqramlart osasinda hesablanmis kristal qofos
parametrlori adobiyyat molumatlarina uygun golir.

Ilkin birlsmolorin  miixtalif nisbatlordo  qarisiglarinin ~ vakuumlagdirilmis  kvars
ampulalarda oridilmasi ilo AgsSiSe-AgsSiTegvo AgsSiSes-AgsSiTegsistemlorinin - miixtolif
torkibli niimunalori hazirlanmigdir. Xalitolori tarazliq halina gotirmok ti¢lin onlar uzun miiddat
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(500s.) 600°C-do saxlanmusdir. Hor torkib iiciin iki niimuno hazirlanmigdir, onlardan biri
termiki emaldan sonra sobada todricen soyudulmus, digeri iso ampulan1 600°C-dan soyuq
suya atmagla tavlandirilmisdir.

TodgigatlarDTA (NETZSCH 404 F1Pegasus sistemi) voRFA (Bruker D8 ADVANCE
difraktometri) tisullariiloaparilmisdir.

TOCRUBINOTICOLORVOONLARINMUZAKIROSI

Tacriibi naticalorin analizi niimunslarin tarazliq halinda olmasini tosdiq etmis vo har iki
sistemin faza diaqrami qurmaga imkan vermisdir (sok.). Goriindiyiikimi, AgsSiSe-
AQsSiTegvo  AgsSiSes-AgsSiTegsistemlorimiivafiqdordliisistemlarinkvazibinar — kasikloridir.
Hor iki sistemdo komponentlormayehaldavokubik qurulusiu yiiksok temperaturlu kristallik
modifikasiyalar halinda bir birindo tam hall olurlar. Likvidus va solidus ayrilori tizarinds
ekstremum noqtalori yoxdur.
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Sokil.AgsSiSg-AgsSiTegvo AgsSiSes-AgsSiTegsistemlarinin faza diagramlari

AgsSiSe-AgsSiTegsisteminda  bark mohlullarin  amala  galmasi  polimorf ¢evrilma
temperaturunu  koskin azaldir vo torkibi >50 mol%AgsSiTes olan niimunoslor otaq
temperaturunda kubik qurulusa malikdir.

AgsSiSes-AgsSiTes  sistemindo iso AgsSiSes birlosmoasindon forgli olarag xolitalordo
polimorf ¢evrilmays uygun termiki effektlor miisahido olunmamigdir. RFA naticalorine gora
>15mol%AgsSiTegtorkibli niimunalor kubik quruluslu bork mohlullardir. Bu gostarir Ki,
AgsSiSes birlogsmonin polimorf ¢evrilmo temperaturu da bark mohlullarin amolo galmasila
koskin azalir.

RFA naticolori faza diagramimi tosdiq etmisdir. Mioyyan edilmigdir ki, 900K-don
tavlandirilmig biitiin niimunalor, ilkin birlogsmalor do daxil olmagla, kubik gofas iiciin
xarakterik olan difraksiya monzarosine malikdirlor. Yavas soyudulmus niimunslorin RFA
naticalari iso gostordi ki, onlar ti¢ miixtolif faza torkibino malikdirlor: a-, 8- vo a+d (sok.).
Toz difraktogramlar1 asasinda bark mohlullarin kristal qofos parametrlori hesablanmis vo
miioyyan edilmisdir ki, yiiksok temperaturlu kubik quruluglu bork mohlullarin qofos
periodunun torkibdon asililglar1 Veqgard qaydasini 6dayir (sok.).
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!Amiraslanova A.J., Babanly K.N., *Alverdiyev 1.J., *Yusibov Y.A.,

. Ganja State University
2 Institute of Catalysis and Inorganic chemistry, ANAS
ialverdiyev73@gmail.com

The AgsSiSe-AgsSiTes and AgsSiSes-AgsSiTegsystems were investigated by using DTA
and XRD methods. The phase diagrams of pointed systems were plotted. It is established that
the systems are quasibinary and characterized by formation of a continuous series of solid
solutions between the high-temperature cubic modifications while between low-temperature
AgsSiSg and AgsSiSegsmodifications the limited solid solutions are form. The formation of
solid solutions is accompanied by a decrease in the temperatures of polymorphic
transformations of sulfide and selenide compounds.

AQsSiSe-AgsGeSsSISTEMINDO BORK MOHLULLARIN ALINMASI VO
RENTGENOQRAFIK TODQIiQi

'9sirov G.M., *Masadiyeva L.F., *Yusibov Y.O., ‘Babanl M.B.

YAMEA M.Nagiyev ad. Kataliz va Qeyri-iizvi kimya Institutu
2Ganca Déviat Universiteti

Acar sozlor: giimiis-silisium  xalkogenidlori, giimiis-germanium  xalkogenidlori,
argirodit tipli fazalar, faza tarazliglari, bark mohlullar, polimorf ¢evrilma.

Key words: silver chalcogenides, phases of the argyrodite family, phase equilibria,
solid solutions, polymorphic transformations

KuroueBble cjioBa: xanbKOreHUABI cepebpa, (a3pl cemeiicTBa aprupoauta, GazoBbie
paBHOBECHSI, TBEP/IbIE PACTBOPHI, MOJIUMOP(HBIE IPEBPAIICHUS

Isdo AgsSiSe-AgsGeSe sistemi DTA va RFA iisullari ilo tadqiq olunmusdur. Sistemdo

ilkin birlosmoalorin yuxari- vo asagitemperaturlu modifikasiyalar1 osasinda fasilosiz bark
mohlullarin  amologolmasi miioyyon edilmisdir. Asagitemperaturlu  bork mohlullarin
rentgenoqragik tadqigi naticasinds onlarin kristal qafas parametlori hesablanmigdir.

Giris
Mis vo giimiis osasinda binar vo miirokkob xalkogenidlar perspektivli funksional
materiallardir [1]. Xiisusilo, mis vo giimiisiin IV va V qruplarin agir p-elementlori ils
xalkogenidlari termoelektrik materiallar kimi maraq kasb edir [2, 3]. Bu sinif birlosmalarin bir

sira  niimayondolori  qarisiq ion-elektron keciriciliyino malikdirlor vo fotoelektrod
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materiallarinin, elektrokimyovi gilinos enerjisi ¢eviricilorinin, ion segici sensorlarin,
fotoelektrokimyavi vizualizatorlarin, ionistorlarin vo s. hazirlanmasinda genis istifado edilo
bilorlar [4-5]. Son illorin tadqiqat islori [6-8] iimumi formulu AgB'Xs (A-Cu, Ag; B'-Si, Ge,
Sn; X-S, Se, Te) olan argrodit ailssi birlosmolorinin bir sira qiymatli funksional xiisusiyyatlora
malik oldugunu gostormisdir. Bu sababdon bu birlosmolor bir ¢ox todgigat qruplarinin
aragdirma obyektidir.

Bu is Ag,S-SiS,-GeS; tiglii sistemin kompleks fiziki-kimyavi tadgigatinin bir hissasidir
Vo AQsSiSs-AgsGeSs sistemindaki faza tarazliglarinin 6yranilmasine hasr edilmisdir.

Toadqiqg edilon kasiyin ilkin birlosmlori kifayst godor dyronilmisdir. AggSiSg birlosmasi
1231 K-do kongruent olaraq oariyir vo 526 K-do polimorf g¢evrilmays malikdir [9]. Asagi
temperatur modifikasiyas1 AggSiSg ortorombikdir (foza qrupu - Pmn2;, qofos parametrlori a =
15.024, b = 7.428, ¢ = 10.533 A) vo yiiksok temperaturlu modifikasiyas: kubik ( (F-43m)
a =10.63 A) qurulusa malikdir [9,10].

AgsGeSg birlosmasi 1223 K-do kongruent olaraq oriyir vo 493 K-do polimorf
cevrilmays malikdir [9]. Asag1 temperatur modifikasiyas1 AggSiSg ortorombikdir (foza grupu
Pna2;,a=15.149 A, b=7.476 A, c = 10.589 A)) vo yiiksok temperatur modifikasiyas1 kubik
(faza qrup F-43m, a = 10.706 A) qurulusa malikdir [10,11].

Tadgiqatlar va naticalarin analizi

Tadgiqatlarin aparilmasi ii¢iin ilk novbado AgsSiSs Vo AgsGeSs birlogsmoalori sintez
edilmisdir. Sintez yiiksok tomizliya malik miivafiq
basitmaddalarinstexiometriknisbotdagétiiriilmiisqarisiglariinkvarsampulalardavakuumsoraiti
ndo (10%Pa) oridilmasiiloaparilmisdir. Hor iki birlosmoninorimotemperaturunda kiikiirdiin
(Tqay=718 K) doymus buxartozyiqiyiiksokoldugundan onlarin
sintezimailisobadaikizonalirejimdoaparilmigdir. Konar birlosmalor sintez edildikdon sonra
DTA (NETZSCH 404 F1 Pegasus sistemi) vo RFA (Bruker D8 ADVANCE vo D2 Phaser
difraktometrlor, CuK,-stialanmasi) tisullar1 ilo identifikasiya edilmisdir. AgsSiSe-AgsGeSs
kosiyi tizro miixtalif torkibli Xolitolor sintez edilmisdir. Hazirlanmis xalitolorin maksimal
homogenlogmasi tiglin onlar ilkin olaraq 720 K-do (700 s) termiki emal edilmigdirlor.
AQsSiSe-AgsGeSg sisteminin ilkin birlosmalarinin polimorf cevrilmasi oldugu sobobindan
yiiksoktemperaturlu fazanin asagitemperaturlu fazaya tam kegmosini tomin etmok iigiin
xalitalor homginin 420 K-ds (100 s) termiki emaldan kegirilmigdir.

Hazirlanmig niimunolorin todgiqatlart DTA vo RFA iisullart ilo aparilmigdir.

DTA va RFA naticalori AgsSiSe-AgsGeSg sisteminds ilkin birlosmalorin yiiksok- va
asagitemperaturlu  kristallik modifikasiyalar1 osasinda  fasilosiz  bark  mohlullarin
oamologalmosini gostordi. Otaq temperaturunda aparilmis RFA naticolori (Sek.1) sistemdo
asagitemperaturlu modifikasiyalar halinda tamgqarsiliqlihollolman: tosdiq edir. Sakil 1-don
goriindityli kimi,araliq niimiinalorin diffraksiya monzaralori ilkin birlogsmalorin difraksiya
monzaralari ilo eynidir vo Ge—Si ovozolunmasi zamani osas oksolunma Xattlorinin kigik
bucaqlardan boyiiklora dogru siiriismoasi miisahido olunur. Bu iso sistemds fasilosiz bark
mohlullarin amalagalmasini tasdiq edir.
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Sakil 1. AgsSiSe-AgsGeSe sisteminin Xalitalorinin ovuntu rentgenoqramlart.
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Cadval.
AQsSiSs-AgsGeSg bark mohlullarinin kristal gofas parametrlori
Torkib, Kristal gafas parametrlari, A
mol%AgsGeSe a b c
0 (AgsSiSe) 15,026 7,438 10,531
20 15,075 7,441 10,542
40 15,092 7,452 10,556
60 15,096 7,460 10,562
80 15,126 7,469 10,577
100 (AgsGeSs) 15,144 7,471 10,591
AgsSiSe-AgsGeSe sisteminin xalitolorinin ovuntu rentgenoqramlari

NETZSCHProteusSoftware proqrami ilo indekslonmisdir vo alinmis bark mohlullarin kristal
gofas parametrlori hesablanmisdir (Cadval, Sak.2).
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HOJYYEHUENPEHTTEHOI'PAONYECKOENCCIEJOBAHUETBEPABIX
PACTBOPOBBCHUCTEMEA(Q;SiSs-AgsGeSg

1ALuupoe I'M., "Mawaouesa JI. D., 2FOcuéos 10.A., 'Badannwt M.B.

1 . .
Hncmumym Kamanuza u Heopeanuuecxou xumuu HAH Azepbaiiosxcana
2 . y
Isnoocunckuti I'ocyoapemeennwlii Yuusepcumem

B pabGore uccrnemoBana cuctema AgsSiSe-AgsGeSs meromamu JITA u PDA. Beuio
YCTaHOBJICHO, YTO B cHUCTEeMe OOpa3yroTCs HEMpPEpBIBHBIE TBEPJbIC PACTBOPHI Ha OCHOBE
BBICOKO- u HU3KOTEMITEPATYPHBIX MoKz HCXOIHBIX COEINHEHN.
PenTreHorpauyecKkuM UCCIICIOBAHHEM TBEPIBIX PACTBOPOB OBLIN OMPECIICHBI MapaMeTphl
WX KPUCTAUTUIECKUX PEIIETOK.

PREPARATION AND X-RAY STUDY OF SOLID SOLUTIONS IN THE AgsSiSe-
AQsGeSsSYSTEM

'Ashirov G.M., *Mashadiyeva L.F., ?Yusibov Yu.A., 'Babanly M.B.
YInstitute of Catalysis and Inorganic Chemistry ANAS
’Ganja State University

In this work, the AgsSiSs-AgsGeSssystem was studied by DTA and XRD. It was found
that the continuous solid solutions based on high and low temperature modifications of the
initial compounds are formed in the system. By X-ray diffraction studies of solid solutions
have determined the parameters of their crystal lattices.

B3AUMHASA CUCTEMA 6AQ,S+AgsSnSes «>6Ag,Se+AgsSnSg
'"AcranauC.P., 1Aﬂ3ep0ue3H.jlofc., 23aepa.ucuoeA 0., 'FOcu606l0.A.

Y ranoocuncrui I ocyoapcmeenHvll Ynusepcumen
2Bopmtte:»!ccxm? T'ocyoapcmeennviii Ynusepcumem
ialverdiyev73@gmail.com

KuroueBbie cioBa:cyinbduabl U celeHu] cepedpa, XalbKOTeHHIBl cepedpa-oyioBa,
dazoBas AuarpamMma, TOBEpXHOCTh JIUKBUAYCA, TBEPIbIE PACTBOPHI.

B pabote mpencTaBicHBI pPE3yNbTATHl HCCICIOBAaHUS (A30BBIX PABHOBECHH BO
B3aMMHON cucreMe 6AgS+AQsSNSes<«>6Ag,Se+AgsSNSs (A). BmepBble MOCTPOEHBI
nuarpamma TBepaodaszueix paBHoBecuit mpu 300 m 800 K m mpoeknus MOBEPXHOCTH
JUKBHIyca CHUCTEMbl A. YCTaHOBJEHO, YTO CHCTEMa SIBISETCS OOpaTUMO B3aUMHON U
xapaktepusyercst oopasoBanueMm HenpepblBHbIX (800 K) mmu mmpokux (300 K) obmacreit
TBEPJABIX PACTBOPOB BIOJL O0KOBBIX cucteM AQ,S-AgrSe u AgsSnSg-AgsSnSes. JInkBumyc
CHUCTEMBI A COCTOMT TpeX MOJEH, OTBEYAIOIIUX IEPBUYHON KPHUCTAUIM3ALHUHA TBEPABIX
pacTBOPOB Ha OCHOBE BBICOKOTEMIIEpaTypHbIX Moaudukammii Ag,S, AgaSe 1 AgsSnSe.Sex.

BBenenune

CrnoxHble  XalbKOT€HHIbl Ha  OCHOBE Meau U cepebpa, oOnanaromme
TEPMOAIEKTPUYECKUMHU, (POTOIIEKTPUUECKIUMH, ONTUYECKUMH U Jp. CBOMCTBaMH, OTHOCATCS
K 9KOJIOTUYECKU O€30MacHbIM (PYHKIIMOHAIBHBIM MaTepraiaM U MOTYT OBITh HCIIOJIb30BaHbI B
YCTPOMCTBAX aJIbTCPHATUBHON SHEPTETUKU M IPYrUX OOJACTSX BBICOKUX TexHoJorui [1-4].
MHorue u3 3TUX COCAUHEHUN HMMEIOT CMELIAaHHYI0 HMOHHYIO-JIEKTPOHHYIO IIPOBOJUMOCTS,
YTO JeJIaeT UX BECbMa MEPCIEKTUBHBIMU JUIsl IPUMEHEHUS B Pa3paboTKe (POTOIIEKTPOIHBIX
MaTepHUalos, JIEKTPOXUMHUYECKUX npeoOpa3oBareneit COJIHEUHOH JHEPIUH,
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MOHOCEJICKTHBHBIX JaTYHKOB, (POTOIICKTPOXUMHUECKUX BU3YAITU3aTOPOB, HOHUCTOPOB | T. JI.
[5-8].

Pa3paboTka HOBBIX MHOTOKOMITOHEHTHBIX MAaTE€pPHajiOB Ha OCHOBE XaJbKOTCHHIIOB
Menu U cepedpa 6a3upyercs Ha pe3ysbTarax 1o (pa30BbIM PaBHOBECHSIM B COOTBETCTBYIOLIMX
cucremax. llocTtpoeHune Ha30BBIX [IUArpaMM IO3BOJSIET YCTAaHOBHTh HAJIMYME HOBBIX
COEAMHEHUH 1M (a3 MePeMEHHOT0 COCTaBa, a TAKXKE OMPECIIUTh UX XapaKTep 00pa30BaHMs,
00J1aCTH TIEPBUYHON KPHUCTAIIM3AIMA U TOMOTEHHOCTH, HAMYKE (Pa30BBIX MpPEBpaIllCHUH U
T.1. COBOKYMHOCTh 3THX JaHHBIX JIGKUT B OCHOBE pa3pabOTKHM METOJOB HAIPABICHHOTO
cuHTe3a (a3 ¢ 3aJaHHBIMU COCTAaBOM U CBOWCTBAMH.

Hanast paboTa sBISETCS TPOJODKEHHUEM HAIUX UCCIENOBaHWA 10 (ha30BBIM
PaBHOBECHSIM B CIIOKHBIX CHCTEMaX, COCTABIICHHBIX XaJbKOTCHUIaMU Meau (cepedpa) u
AJIEMEHTOB TOATPYIIBI TePMAHUSI W TOCBSIICHA W3YYCHHUIO TPOWHON B3aWMHON CHCTEMBI

6Ag2S+AQsSNSes<«>6Ag,Se+AgsSnSe.
IKCIePUMEHTAIbHAA YaCTh

Ucxonasie coenuuenus Ag,S, AgQrSe, AgsSnSgu AgsSNSes CHHTE3UPOBATH TPSIMBIM
B3aMMOJICHCTBHEM DIIEMEHTAPHBIX KOMIOHEHTOB B OTKa4aHHBIX 10 ~1072 Ila i 3amasHHbIX
KBapIeBbIX ammynax. CHHTE3bl IPOBOIWIM B JIByX30HHOH HAkKJIOHHOW meuyu. Temmeparypa
"ropsiueii" 30HBI ObLTIa HECKOJIBKO (30-500) BBIIIIE TEMIIEPATYPHI TUIABJICHUSI CUHTE3UPYEMOTO
CcoeIUHENM, a "X0IOAHON" — HMKE TOUKH KUITEHUS XaJbKOreHa.

[Tpu cuHTe3ax OBUIM HCHOJIb30BAHBI 3JIEMEHTApHbIE KOMIIOHEHTHI BBICOKON CTENEHU
YHCTOTHI, TPUOOpETeHHBIC Y HeMenkoit Gpupmbr AlfaAesar.

CrnnaBbl HCClleyeMOM CHUCTEMbl TOTOBWIJIM M3 HPEABAPUTENIHHO CHUHTE3UPOBAHHBIX U
UICHTU(PUIMPOBAHHBIX  HCXOJHBIX OWHApHBIX H TPOWHBIX COCAMHEHHH TaKkke B
BaKyyMHUPOBaHHbIX KBAapILIEBbIX aMITyJIax.

JATA o00pa3noB npoBoAWIM B BaKyyMHUPOBAaHHBIX aMIlyslax Ha cOOpaHHOW Ha OCHOBE
3MEKTPOHHOrO peructparopa naHHbix "TC-08 ThermocoupleDatalogger" ycraHoBke
MHorokaHanbHoro JITA. PentreHorpamMMbl cHuManu Ha audpakromerpax D2 Phaser u D8
ADVANCE ¢wupwmsi Bruker ¢ ucnionszoBannem CuK-usnydeHus.

Pe3yabTaTrhl U MX 00CyKACHHE

Pesynbrarelr  PDA BBIOOpPOYHBIX CIUIABOB, 3akajeHHbIX mocie oTxkura npu 800K,
MOKa3alld, YTO BCE OHM JIBYX(a3Hbl U COCTOST M3 CMeCH o- U O-¢a3 (o- U O-HempepbIBHbIE
TBEpP/IbIE PACTBOPHI HA OCHOBE BBICOKOTEMIIEPATYPHBIX MOJAM(PHUKAINN OMHAPHBIX U TPOHNHBIX
coeuHeHull, coorBeTcTBeHHO). CormacHo stuMm gaHHeIM 1mpu 800K TBepnodasnas
JuarpamMma B3auMHOU cucteMbl 6AQ,S+AQsSNSes «-»>6Se+AgsSnSe mmeer By puc.la.

XapakTep TBepo(a3HbIX paBHOBECUH B 3TOW CHCTEME IpPHU KOMHATHOM TeMIieparype
(puc.16) pesko oramuaerca ot puc.la. Kak BumHo u3 puc.10, npu 300K nannas cucrema
COCTOUT M3 psifia ABYX(ha3HbIX (01+aly, a1+01, 0o+d2, apt+d1, 81+02) U TpexdazHbix (ay+on+d,
o1+01+0;) obnactelt (-, Op-, O1-, O2- TBEpJbIE PAaCTBOPHI HA OCHOBE HU3KOTEMEpaTYpPHBIX
MOIUGUKAIMA HCXOTHBIX OWHApHBIX W TPOWHBIX coeAuHeHuil). PopMHpOBaHHE 3STHX
¢da3oBbIX 00macTeil 00YyCIOBICHO TBEPAO(DA3HBIMHU TMPEBPANICHUSIMH B OOKOBBIX CHCTEMax
AQyS-AgoSe 1 AgsSnSe-AgsSnSes.

Bce ¢azoBbie obnactu Ha puc.l moaTBepxkaeHbl peHTreHorpadpuuecku. Ha puc.2 B
KadyecTBe INpHUMepa NpUBEJEHA MOPOIIKOBas IudpakrorpamMma crjasa #1 u3 aByxdasHon
obmactu op+d; Ha puc.l. Kak BugHO AudpaknuMoHHAs KapTHHA ATOTO CIJIaBa COCTOUT W3
COBOKYITHOCTH JIMHUH OTPa)X€HHUs ABYX COCYILECTBYIOUIHNX (a3 - o U O2.
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IHoBepxHOCTH JUKBHAYCA (PHUC.3) COCTOUT W3 TPEX MOJIEH, OTBEYAIOIIUX MEPBUYHOMN
Kpuctamm3anuu a3 o' (TBepAble PacTBOPHl Ha OCHOBE BBICOKOTEMIIEPATYPHOW MOJU-
dukanmu AgS), oo U 8. DTH MOBEPXHOCTH Pa3rpaHUYMBAIOT TMEPUTEKTHYECKas kpuBas pU,
nBe sBTekTHdeckre kpuble e1U, Uey, a Takke Touka U, XxapakTepusyroiiasi HOHBapUAHTHOE
nepexogHoe paBHoBecue. TUIBI U TeMIlepaTypbl BCEX HOH- U MOHOBAapHMaHTHBIX PAaBHOBECHI
cuctembl 6AQ,S+AQsSNSes «>6Ag,Se+AgsSNSeripeicTaBieHbI B TAOIHUIIE.
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THE 6Ag,S+AgsSnSes «>6A0,Se+AgsSNSsRECIPROCAL SYSTEM
!Amiraslanova A.S., *Alverdiyev 1.J., 2Zavrazhnov A.Yu., *Yusibov Yu.A.

'Ganja State University
2VVoronezh State University
ialverdiyev73@gmail.com

This work presents the results of studying of the phase equilibria in the
6AQg,S+AQsSnSes «<>6Ag,Se+AgsSnSe(A) reciprocal system. The diagram of solid-phase
equilibria at 300 and 800 K and the projection of the liquidus surface of system A were
plotted for the first time. The liquidus of system A consists of three fields corresponding to
the primary crystallization of solid solutions based on the high-temperature modifications
AgZS, AQZSe, and AgSSnSG.XSeX.

6Ag,S+AgsSNSes «»6Ag,Se+AgsSNSsQARSILIQLI SISTEM
!Amiraslanova A.S., *Alverdiyev 1.J., 2Zavrajnov A.Yu., *Yusibov Y.0.

'Ganca Déviat Universiteti
2Voronej Dévlat Universiteti
ialverdiyev73@gmail.com

Isdo 6AQ,S+AgsSNSes <>6Ag,Se+AgsSNSe (A) qarsiligh sistemindo faz tarazliglarinin
todgiqinin naticalarini togqdim edilir. 1k dofo olarag 300 vo 800 K-da borkfaza tarazliglarin
diagrami1 vo sistemin likvidus sothinin proyeksiyasi qurulmusdur. Sisteminin likvidusu
yiksok temperaturlu Ag,S, Ag.Se vo AgsSnSe.Sex modifikasiyalarina osasinda bark
mohlullarin ilkin kristallasmasina uygun ti¢ sahadon ibarotdir.

Acar sozlar: gumus sulfid vo selenidlori, giimus-galay xalkogenidlori, faza diagrama,
likvidus sathi, bark mahlullar.

KAJTOPUMETPUYECKOE ONIPEJAEJEHUE DHTAJIBIIMU TIOJIUMOP®HOI'O
MNEPEXOJACOEJUHEHMUMSA CugSiSes

1Baﬁpamoea A\ 23nomanos B.II., 3IIIymopo«;a I'M., "Mawaouesa JI.®.
1HHcmumym Kamanusza u Heopeanuuecroui xumuu HAH Asepbaiioscana, baky,
Aszepbatiodcan
*Mockosckuii I ocydapcmeennbvlll YHusepcumem
3Bakuncrui I ocyoapcmeeHHblll YHusepcumem
leylafm76@gmail.com

Acar sozlar:CugSiSeg, diferensial skanedici kalorimetriya, faza kegidi, entalpiya,
entropiya
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Key words:CugSiSes, differential scanning calorimetry, phase transition, enthalpy,
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Kawuesblie ciioBa:CugSiSes, Ga3oBblii mepexo/1, SHTAIbIIHS, SHTPOIIHS,

G hepeHIaTEHO-CKAaHUPYIOTAs KATTOPUMETPHSL.

Meronom audpdepenmaibHo-ckanupytomeit  kanopumerpun (JCK)uccnenoBano TtpoitHoe
coemuuenneCugSiSes, Ha ocnoBannu maHubpix KpuBBIXJICK Tpex o0pasiioB ¢ pasiIn4HBIMHA MaccaMu
OmpejieieHbl  TeMIepaTypa W OSHTajdbmus  (a3oBOro mepexoja OT — HHU3KOTEMIIepPaTypHOU
OpTOPOMOUYECKOM MOIU(HKAIIMA K BBICOKOTEMIIEPATYpHOU KyOHueckod. Mcmonb3yst ypaBHEHHE
I'n66ca-I'enpmronpa ObUTa paccUMTaHa Takke OHHTPONHUSA (HAa30BOTO TMEPEXOoJa HCCIETyeMOTO
COC/IMHEHHUSL.

Beenenmne

bunapHble U ClI0KHBIE XaJIbKOI€HH/IBI HA OCHOBE MEIU Hcepedpa OTHOCATCS K YMCIy
MEPCIEeKTUBHBIX (PYHKIMOHAIBHBIX MaTepuaioB [1]. B dyacTHOCTH, XambKOT€HHUIBI MEIH
ucepedbpa ¢ TsDKeIbIMU p-3ieMeHTamu |V u V rpynn npeactaBisiloT MHTEPEC B KayecTBE
TEPMOAJIEKTpUYEeCKUX MaTepuanoB [2, 3]. Psg mpencraButenel 3Toro kiacca 001amaroT
CMEIIIaHHON MOHHO-3JIEKTPOHHON MPOBOJMMOCTBIO, YTO JI€JAE€T UX BECbMa MEPCHEKTUBHBIMU
JUIsl TIpUMEHEHHUsT B pa3palboTke (HOTORIEKTPOIHBIX MAaTEPHUATOB, SJIECKTPOXUMUYECKHX
npeoOpazoBarenen COJIHEYHOM SHEpIuu, MOHOCEJIEKTUBHBIX JTaTYMKOB,
(bOTORIEKTPOXUMUYECKUX BU3YaIH3aTOPOB, MOHUCTOPOB U T. A. [4,5]. HenaBHue pabotsl [6-
9] moKa3alM, YTO COSIMHEHHs CeMeiicTBa aprupoauTa ¢ obeil popmymoi AgB'VXs (rme A-
Cu, Ag; B'V-Si, Ge, Sn; X-S, Se, Te) 061a1ar0T pAAOM EHHBIX (YHKIIMOHAIBHBIX CBOWCTB M
ABJIAIOTCA OOBEKTOM MCCIIEAOBAHUS MHOTHUX MCCIEA0BAaTENbCKUX Ipyn. BoiabIIMHCTBO 3THX
coeMHEHUN HMeIoT (a30oBble MEPEeXO]bl MPU OTHOCUTENHHO HU3KHX Temieparypax (310-
520K). TepmoaunHaMu4decKre CBOMCTBA (ha30BBIX MEPEXO0B AITHX COSTUHEHHUN HE N3YYCHBI.

Llenbto naHHON paboTHI OBLIO OMpeseNeHHe TEPMOAMHAMUYECKUX (DYHKIMHA (a30BbIX
nepexona coenuHeHUsICUgSISes MeTomoM muddepeHInaTbHO-CKaHUPYIOIIEeH KaTopUMETPUN
(ACK). DtoT Meron cuuTaeTcs OJHUM W3 TOYHBIX METOJOB B TEPMHYECKOM aHalIM3e, a
coBpeMeHnHble mpuodopsl JICK o0nanaroT MUPOKUM CHEKTPOM BO3MOXKHOCTEH, ¢ MOMOIIbIO
KOTOPBIX MOKHO HOJYYUTh PA3IUYHbIE PE3YJIbTaThl IPOBEIEHHOI'O UCCIET0BAHMS.

Coenunenne CugSiSes mumaBurcs KoHrpysHTHO mpu 1380 K m mmeer monmmopdnoe
npespatienue npu temreparype 355 K [10] (330 K mo [11]). B BeicokoTeMnieparypHoii aze
9TOTO COEJMHEHUS, KPUCTALIH3YIoIIelcs B Kyonueckon crpykrype (IIp.rp. F4 3m), aromsl
MeIW HEeYyNOpsAJO0YeHbl, YTO CIIOCOOCTBYET BBICOKOW HMOHHON HPOBOJMMOCTH, BBI3BAaHHON
MUrpanrei WoHOB Meau. [Ipu HH3KOM TeMmeparype COCIMHEHUE KPUCTAIIU3YETCS B
opropombuyeckoii cucteme (IIp. rp. Pmn2) cnapamerpamu: a = 7,2835 (2) A, b =7,2185 (2)
A, c=10,2281 (3) A; Z = 2[11].

BKCHepI/IMeHTaHLHaﬂ 4acThb.

Hns  mpoBemeHus — WCCAEAOBaHWMN  HaMu  OBUT  CHHTE3WPOBAHO  TPOWHOE
coennHeHneCUgSiSesMeToIOM MPSIMOTO CIUIABJICHHSI SJIEMEHTAPHBIX KOMIIOHEHTOB BBICOKON
CTEIEHU YKUCTOTHI B BAKYYMHUPOBAHHBIX (~10'2 [1a) u 3amasHHBIX KBaplLEBBIX aMIyjax MpH
temneparype ~1400 K. Ilpu cuHTe3e HCNONB30BAM BBICOKOYHMCTBIE AJIEMEHTApHbIE
komnoHeHThl mnpousBoactBa EVOCHEMADVANCEDMATERIALSGMBH  (I'epmanus):
menHas npoBosoka (Cu-00022; 99.999%), kpemuwii B rpanyiax (Si-00004; 99,999%), cenen
B rpanynax (Se-00002; 99.999%). VYuuTbiBas BBICOKYIO YIPYroCcTh IMAapoB CeleHa NpU
TEMIEpaType IUIaBJICHHUS CHUHTE3UPYEMOTO0 COEOUHEHHS, €ro CHHTEe3 TMpOBOJAWICA B
IBYX30HHOM pexxuMme. [locne cunrteza oOpaszen Obu1 otoxokeH npu 770 K (100 ). anee
amMIyja OuYeHb MEJUICHHO OXJaXJaaidach B 00JacTH TemmepaTypbl MOIMMOPGHOro
npespauieHus coequnenus (320-370 K), a 3arem noaBeprHyra TEpMHUYECKOMY OTXKUTY INPU
320 K (10 4). Dro OBUIO cHemaHO C TIEJIbI0 OOECMEYEHHUs] TOJHOTO Iepexo/a
BBICOKOTEMIIEpAaTypHOH (a3sl B HU3KOTEMIIEPATypHYIO, 4YTOOBI MaKCHUMAalbHO CHH3HTH
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MOTPEIIHOCTh ~ MPH  pacueTax OdHTambnuH. CHHTE3UPOBAHHOE  COEIWHEHHE  OBLIO
unentupunupoano meronamu JICK u pentreHodaszoBoro anammuza (PDPA). POA Obun
MIPOBEJICH NMPU KOMHATHOW TeMmIiepaType Ha nopomkoBoMm nuddpakromerpe D8 ADVANCE
dbupmer Bruker (CuKg-uznyuenwue). IopormikoBas muddpakrorpamma coenunenus (Puc. 1)
MOJTBEPMIIA TTOJTHBIN MEPEeX0] COCAMHECHUSI B HU3KOTEMIIEpaTypHYIO CTPYKTYypy. Kak BuaHO
u3 Puc. 1, monydeHHble HAMU NMHUKH OTPaKEHHUS CHHTe3upoBaHHOTO CUgSiSes MOIHOCTHIO
COBIIAJAIOT C PEHTI'CHOBCKUMH JAHHBIMH (KPACHble wpuxu) OPTOPOMOUYECKON CTPYKTYPHI
3TOTO COeIMHEHHS U3 KpHCcTaIorpaduieckoil 0a3pl JaHHBIX.

Commander Sample ID

| 2_CuBSiSe6_09102018 raw (Strip ka2)
| PDF 01-070-3114 Cu8 Si Se6 Octacopper(l) silicon selenide

Counts

o1

M dlig JLu]

|
ﬂwi’“wwmwwlw»wwm

50

=
10

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Puc.1. ITopomkosas guddpakrorpamma coeauaenuss CugSiSes.

Temmepatypa u Teriora ¢ga3oBoro nepexoza coeanHeHusICUgSISes0bUTH OnpeeICHbI
meronoM JICK Ha auddepennuansHo ckanupyromiem kainopumerpe DSC400 dupmer Linseis.
M3mepeHuss MpOBOMWIIMCH C MOMOIIBI mporpamMmbl Linseis TAV 2.3.1, a oueHo4Has
00paboTKa MOJYYEHHBIX pPE3yJbTAaTOB MPOBOJMWJIACH C  IOMOIIBIO  MPOrPaMMHOIO
obecrnieuenus Linseis TA Evaluation V 2.3.1. TlpeaBaputensHO ObLTa MpoBeIeHa KATHOPOBKa
KaJopuMeTpa. YUWTBHIBas, YTO HAIIM UCCIEIOBaHHS OyAyT MpPOBOAUTHCA MPH HHU3KUX
temriepatypax (300-450 K), s xkanuOpoBKU Hamiero nmpuOopa B Ka4eCTBE ITAJTOHOB OBLITH
UCIIONIb30BaHbl  OTHOCUTENBHO JIETKOTUIABKHUE METallbl: MHIWW, OJOBO M  IMHK,
npejgocraBieHHble Gupmoii Linseisans aroit nenu. TemmepaTypHbId peXUM KaauOpPOBKH
Ka)KIO0r0 U3 BEIIECTB OBLI BHIOpAH HAMHU B COOTBETCTBHH C PEKOMEHIAIMSIMH, JAHHBIMHU B
PYKOBOJICTBE T10 HCITOJIb30BAHHIO MTPHOOpA.

Uccnenosanne JICK coemmnenust CugSiS€sObLIIO MPOBEAEHO € HCIOIb30BAHHEM
QTIOMAHUEBOTO THUTISL C KPBIIIKOWH. YUYHUTBIBAs, YTO OOBEKT HCCIECAOBAHUS — TBEPHBIH
HNOJUKPUCTAJUTMYECKUI oOpasel, mnepes; MU3MEpeHHEeM OH ObUI IMpeIBapUTENbHO CTEPT B
MOPOUIOK JUIsi  OOECTIEYeHHUsST MAaKCHUMalbHO BO3MOXHOH OOJIACTH KOHTAaKTa MEXIY
UCCIIelyeMbIM 00pa3lioM U JTHOM THUTJs. CKOpOCTh HarpeBaHus cocTaBisia 3°/MuH. Pexum
uccinenoanust JJCK Obl1 BEIOpaH ¢ yueToMm TemrepaTypsl (pa3zoBoro nepexoja UCCIEAyeMOro
coequnenus.Jlanee mnomyuenusle KpuBble JICK Obutn  00paGoTaHbl €  HOMOIIBIO
nporpammuoro obecneuenus LinseisTAEvaluationV2.3.1 u nonydeHbl 3HaUSHHS TEMIIEpaTyp
Havajna M KOHIIA MHKa, TUIOMIAAU MHKa W JHTaubnuu (asoBoro mepexona ams 1 moms
BEIIeCTBA. B IeNsIX MOBBINICHUS TOYHOCTH WCCIIEIOBAHHS U WCCIEAYEMOTO COCTUHECHUS
osut mpoBeneHsl Tpu JCK ¢ pasnuuasiMmu Maccamu (41,56; 50,48; 58,75Mr) HaBecok.
Pe3ynbratrhl Mo BceM mokaszaTelssaM rmoutu coBnaaaiu (+2 %). Mcxons u3 3Toro, morpeniHocTh
ompezeNneHus TEIIOBbIX 3P PeKToB cocTaBisieT He 6onee +4 % [12].

Pe3yabTarsl

ITo nanubiM kpuBsix JICK TpoitHoro coennnennssCugSiSes yrouHeHa TemmepaTypa ero
nosmmMopdHoro npeBpainieHus (325 K) u nmonydeHo 3Ha4eHHE SHTATBIHH (a30BOr0 Tepexoaa
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¢ pacueroM Ha 1 monb BemectBa: AHg ,=14,74+0,59 xJIx/Moinb.B xauecTBe npumepa Ha Puc.
2 npecTaBJICHHAs KpUBas HarpeBaHus 1j1s1 oopasmac maccoi 41,56 mr.

6.5 "

[ ]
6.0
5.5 1 1\Exo
5.0 3
4.5 3
4.0 4
3.5 3
3.0 7
2.5 3
2.0 3
1.5 3
10 7
0.5 3
0.0 3
-0.5 §
-1.0 4§
-1.5 4
-2.0
-2.5

[ 80
r7s
[ 76
F 74
[ 7z
L 7o
[ 68
[ 66
[ 64
ez
[ 60
rss
L 56
54
[ sz
[ so
[ a8
[ 46
[ 44
raz
[ 40
L]
36
34
raz

CusSiSes

Heat flow (mW)
Temperature (°C)

Onset point: 51.6 °C (16 min)

Offset point: 59.3 °C (18 min)

-3.0 4 Point of reaction: -2.683 m\W at 53.5 °C (16 min)
3.5 3 Peak maximum: -6.370 mW at 55.2 °C (17 min)
Enthalpy: -14.74 J/mol

-4.0 3
-4.5 3
-5.0 3
-5.5 3

o 5 10 15 20
Time (min)

Puc. 2. Kpusas JICK coenunennsCugSiSes

ITockoneky juis (asoBeix nepexonoB | poga AG,=AGg, T0 B ypaBHenun I'm66ca-
I'eneMroaena

AG=AH-T-AS
AG=0. Torga nns gazoBoro nepexoa | poaa MoXKHO HamKMcaTh:
AH(b.n =T-AS¢),H
W3 3T0Or0o cooTHOIIEHNSI MOKHO BBIYMCIUTE SHTPOIIHIO (Pa30BOro Mepexoa:
AS q).n,:AHq).n/Tq),n
Hcnonb3ys mnocienHee ypaBHEHME W 3HAUEHUS OSHTANBIUU (a30oBOro Iepexoja
BelllecTBa W TemrepaTypbl Havana nuka (324,75 K) w3z manneix JICK MBI paccumtanu
BHTpONMIO  (a3o0BOro Mepexofa HCCIAeAyeMoro coemuHeHua: AS 4,= 45,39+1,82
k/x/(Monb-K).
Takum o0pa3oM, B paboTe BIEPBBIE ONpPEAETICHBl IHTAIBIUSA U SHTPONUS (azoBOro
nepexoa coennHeHusiCugSiSesnpu Temmneparype 325 K.

Hannas paboma evinoinena npu gunancosoi noooepcxe Ponoa Pazeumus Hayku
npu ITlpesuoenme Azepbaiioxcanckou Pecnyonruxu —I panm Ne EIF-BGM-4-RFTF-1/2017-
21/11/4-M-12.
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CALORIMETRIC DETERMINATION OF THE ENTHALPY OF THE
POLYMORPHIC TRANSITION OF THE CugSiSes COMPOUND

'Bayramova U.R., 2Zlomanov V.P., *Shukurova G.M., *Mashadieva L.F.

YInstitute of Catalysis and Inorganic ChemistryANAS
’Moscow State University
3Baku State University
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The ternary compound CugSiSes was investigated by differential scanning calorimetry
(DSC). Based on the DSC curves of three samples with different masses, the temperature and
enthalpy of the phase transition from the low-temperature orthorhombic modification to the
high-temperature cubic modification were determined. Using the Gibbs-Helmholtz equation,
the entropy of the phase transition of the CugSiSescompound was also calculated.

CugSiSesBIRLOSMOSININFAZAKECIDININENTALPIYASININ
KALORIMETRIK TOYINI

'Bayramova U.R., 2Zlomanov V.P., 3Siikiirova G.M., *Magadiyeva L.F.

LAMEA Kataliz va Qeyri-iizvi Kimya Institutu
2Moskva Doviat Universiteti
8BakiDéviat Universiteti

CugSiSegiiglii birlosmosi diferensial skanedici kalorimetriya (DSK) tisulu ilo todqiq
edilmisdir. Ug farqli ¢okido olan niimiinalorin DSK ayrilari asasinda bu birlosmonin asag
temperaturlu ortorombik modifikasiyadan yiiksok temperaturlu kubik qurulusa kecidinin
temperaturu  vo entalpiyas1 ilk dofo olaragtoyin edilmisdir.  Gibbs-Helmholtz
tonliyindonistifado edilorok, todgig olunan birlosmonin faza kegidi entropiyast da
hesablanmigdir.
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SYNTHESIS AND CRYSTALLOGRAPHIC STUDY OF THE PbBisTe; AND
PbBisTe;p COMPOUNDS

'Gojayeva I.M., 'Aghazade A.1.,> Bulanova M.V., *Orujlu E.N.
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Keywords: PbTe-Bi,Tessystem, X-ray difraction, tetradymite-type, topological
insulators.

In this work, the polycrystalline samples of PbBi,Te; and PbBigTei; compounds
were synthesized and analyzed using powder X-ray diffraction techniques. The
crystal structure of both phases was elucidated from the powder pattern by the
Rietveld method. The obtained results show that determined crystal structures
were derived from tetradymite type and composed of 12- and 51-layered
structures, respectively.

Introduction

Layered ternary phases of the quasi-binary AV Te-AY,Tes(A"Y = Ge, Sn, Pb; AV = Sb, Bi)
systems have received great attention in the condensed matter physics and materials science
due to their interesting properties [1-3]. These systems contain homologous series of ternary
tetradymite-type compounds which have a long-period layered structure and lower lattice
thermal conductivity. Among them, lead chalcogenides have long been studied as
thermoelectric materials thanks to their exceptional electric and thermal transport properties
[4,5]. Although many efforts have been directed to the development of new thermoelectrics,
lead-based materials still dominate the markets despite their toxicity. Moreover, the latest
investigations show that Pb-based ternary chalcogenides exhibit 3D topological insulators
properties [6-8].

According to latest studies [9], PbTe-Bi,Tes system host five-layered ternary compounds,
namely PbBi,Te4, Pb,BigTe1;, PbBisTez, PbBigTe, and PbBigTei3. However, the number of
intermediate phases, data about their melting character, temperature, and crystal structures are
still contradictory.

The present works focus on synthesizing and crystal structure determination of PbBisTe; and
PbBigTeiqo compounds.

Experimental part and results

Both PbBisTe; and PbBigTe;p compounds were synthesized using high purity elemental
components purchased from Alfa Aesar and Sigma-Aldrich. Stoichiometric amounts of pure
elements were placed in evacuated quartz ampoules and synthesized at 800°C for 4 h
followed by rapid quenching of melts in ice water. The resulting polycrystalline ingots were
further annealed at 500°C for 1000 h.

The alloys were analyzed by powder X-ray diffraction (PXRD) method using a Bruker D2
PHASER diffractometer at room temperature with CuK,; radiation. Rietveld refinement using
the fundamental parameter approach was performed with Fullprof software.

The PXRD results of PbBisTe; (a) and PbBigTes (b) compounds are shown in Figure. They
confirm the hexagonal (or trigonal for PbBisTe; and rhombohedral for PbBigTeso)
tetradymite-type crystals structure of both compounds. The structural parameters of
compounds were refined by the Rietveld technique. Rietveld refinements based on PXRD
analysis show good agreement between calculated and measured profiles for both compounds
and lead to the final values of the lattice parameters. The refined values show that PbBisTe;
and PbBigTeip compounds are major phases in samples, while small traces of other binary and
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ternary phases have been identified. In Table the calculated unit cell parameters are presented.

O
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Figure 1. PXRD results of the PbBisTe; and PbBigTe1o compounds.

Table
Crystal unit cell parameters of the PbBi,Te; and PbBigTe;o compounds
PbBi4Te7 PbBi@Telo

Space group P-3m1(no. 164) R-3m (no. 166)
Z 1 3
Temperature (K) 293 293
Unit cell parameter: a (A) 4.4198(2) 4.4012(5)
c(A) 23.475(3) 102.538(2)
Unit cell volume (A°) 397.137 1720.116
RBragg%0 2.87 2.04
Radiation type CuKy1 CuKy1

PbBisTe; compound indexed in a 12-layer structure with unit cell parameters
a=4.4198 A and ¢=23.475 A. The unit cell consists of an alternation of five and seven-layer
atomic blocks along the c axis. PbBigTey unit cell contains a 51-layer structure with
repetitions of a septuple layer and two quintuple layers. The determined lattice parameters are
a=4.4012 A and c=102.538 A. The results good fit with existing literature data [9].

It is worth mentioning that, in previous studies, authors were able to determine only
the ¢ parameter of PbBigTe;o compounds from the cleaved surface of single crystals, and a
parameter was calculated theoretically. In this work, for the first time, we determined both
unit cell parameters of the PbBigTe;o compound from the experimental PXRD pattern of the
synthesized sample.
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PbBisTe; VO PbBigTe;o BIRLOSMOLORININ SINTEZI VO
KRISTALLOQRAFIK TODQIQi
Gocayeva I.M., Agazads A.I, Bulanova M.V., Oruclu E.N.
elnur.oruclu@yahoo.com

Tagdim olunan isdo PbBisTe; vo PbBigTeyg birlogsmalorinin polikristallik niimunilori sintez
edilorak ovuntu rentgenfaza analizi tisulu ilo tadqiq edillmigdir. Hor iki fazanin kristal
qurulus parametrlori ovuntu rentgenoqramlart asasinda Ritveld metodu ila tayin olunmugdur.
Todqiq edilmis har ki birlogma tetradimitobanzor layli quruluslu olub, uygun olaraq 12- Vo
51-laydan tagkil olunmus elementar gafasa malikdir.

®A30BbIE PABHOBECHSI 1O PA3PE3Y Cu3SbS;-GeS, CUCTEMBbI Cu-Ge-Sb-S

' Banaosncaesa A.H., Uemaiinosa A.N., ’[llesenvkos A.B., 1Baxmu;lpﬂbt HU.b.,
"Mawaouesa JI.@.

1HHcmumym[(amaﬂuaauHeopeaHuuecmﬁxuMuu,HAHA
’Mockosckuii I ocyoapcmeenHbvlll YHusepcumem
ismayilova818@mail.ru

Acar sozlar: mis-stibium sulfidlor, germanium disulfid, bark mohlullar, faza tarazliqlar

Key words: copper-antimony sulfides, germanium disulfide, solid solutions, phase
equilibria.

KiroueBbie ciaoBa: cynbQuabl MeIu-CypbMbl, AWCYIbGOUI TEpMaHHsS, TBEPIAbIC
pacTBOpHI, (ha30BbIE pABHOBECHSI.
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W3zyuensl daszoBbic paBHOBecHs B cucreme CuzShS,;-GeS, meromamu JITA u PDA.
YcraHoBieHO, 4YTO B cucTeMe Ha ocHoBe coemauHeHus CuszSbS, obpasyrorcst TBepibie
pactBopsI ¢ 3amernenrneM Sh—Ge (a-¢haza). [IpoTsKEeHHOCTh TBEPABIX PACTBOPOB COCTABIISET
1o 15 mon%. B obGmactu cocraBoB, 6orateix GeS; (a3oBbie paBHOBECUS MMEIOT CIIOKHBIN
XapakTep.

BBenenue

TpoiiHble U CIIOKHBIE XaJTbKOTEHHU Bl ME/IM MIPUBJICKAIOT BHUMAaHUE KaK IEePCIIEKTUBHBIC
(GyHKLIMOHATIbHbBIE MaTepHabl Osaroznapst CBOUM (OTORIEKTPUYECKHUM,
TEPMODJICKTPUUECKUM, HEIMHEHHO-ONTUYECKUM U JIpyruM cBoiictBam [1,2]. B uactHOCTH,
CHHTETHYECKUE aHAJIOTH Pa3IMuHbIX MUHEPAIOB Me/u, oOpasyromuxcs B cuctemMax Cu-Sh-X
(X - S, Se) mpencrapisiror OOJNBIIONW MPAKTUYECKHI HHTEPEC HMCCIICAOBATENCH B CBS3H C
BO3MOXHOCTBKO ~ Pa3pabOTKM HAa  HMX  OCHOBE  HOBBIX  JKOJIOTMYECKM  YHCTBIX
tepmoaniekTpudeckux (TE) marepmano [3-5].Cpenu HuX ¢a3bl Ha OCHOBE MHUHEpala
damaturauTa ¢ Gopmysoii CuzShX, sABIAIOTCS OMHUM M3 HanboJIee M3YYEHHBIX, MOCKOIBKY
00J1a/1at0T BBICOKOW 3JIEKTPONPOBOJHOCTbIO M MajoOW IIMPUHOM 3alperieHHON 30HbI, YTO
SBJISICTCSA OTJIMYHBIM ITOKa3aTeseM Ui puMeHeHus ux B kadectBe TE. OnHum u3 cnoco0oB
MOBBIIIIEHUS] TEPMODJIEKTPUUYECKONH JOOPOTHOCTH 3THUX MAaTEPHANIOB SIBIISICTCS IOJydeHHE
TBEPJbIX PacTBOPOB HAa UX OcHoBe. HenaBHue McciieoBaHUs MOKa3ald, YTO 3aMEIllEHUE B
9THX (a3zax Sb, KOTOPBIN HAXOAUTCS B COCTOSSHUU S+, 3JIEMEHTaAMH C MaJjlOd BAJICHTHOCTHIO,
B yactHocTH annemeHTamu IIIA (M = Al, Ga, In, Tl) u IVA (M = Si, Ge, Sn, Pb) 3HaunTensHo
YBEJIMYMBACT KOHIICHTPALIMIO IBIPOYHBIX HOCUTEJCH M, KaK CIEICTBHUE, JIEKTPOIPOBOAHOCTD
[6-8].

Llenpto HacTOAIICH pabOTHI SBISUIOCH TIOMCK W HCCIIEAOBAHUE TBEPABIX PACTBOPOB Ha
ocHoBe coenuHenus CuzShS, ¢ 3amemennem Sh—Ge o paspesy CuzSbSs-GeS,cucremsr Cu-
Ge-Sb-Se.

CraproBble coeauHeHHs wHccaeayeMoro paspe3a CusShS;-GeSymeranbHO W3yUCHBI.
Cu3SbS4 mnaButcs xourpysntHo mpu 900 K[2] m kpucramimsyercs B TeTparoHaIbHOM
crpykrype (IIp.I'p. 142m) ¢ mapameTpamu pemerku: a=5.3872(12) A; c==10.748(2) A; z=2
[9]

Jucynbdua repMaHUSIUIABUTCS C OTKPHITBIM Makcumymom mpu 1123 K [10].

GeS,kpHcTa3yeTcsi B MOHOKIHMHHOM cTpykType (mp.rp. P2:1/C) ¢ mapaMerpamu penieTKu:
a=11,46 A; b=16,15 A; ¢=6.69 A; p=90.48 [11]

23KCIIEPUMEHTAJIBHAA YACTD

Jnss mpoBeneHHsT SKCHEPUMEHTOB OBLIM CHHTE3MPOBAHBI HWCXOJHBIC COCIUHEHHS
CusShS,; u GeS; cruiaBieHHeM MPOCTHIX BELIECTB B CTEXHMOMETPHYCCKUX COOTHOIICHUSX B
BAKYYMHUPOBAHHBIX 10 ~1072 Ia ¥ 3amasHHBIX KBapLEBbIX aMITyJax Ipy TeMreparypax Ha 50°
BBIIIIE TEMIEpaTyp IJIABICHUS CHHTE3UPYEMbIX COCIUHEHHUH. AMITYJIbl € TOJTYYEHHBIMU
pacIIaBaMy BRIIEPKUBAUCH TIPH 3TUX TEMIIEpAaTypax B TeUeHUE 3-4 4. U JajeeoXIaKIaiCh
B peXHMME BBIKJIIOUEHHOW MeYH JJO KOMHATHON TeMIepaTypsl. bbuid HCmoib30BaHbl POCTHIE
BemectBa oT pupmer EVOCHEM ADVANCEDMATERIALSGMBH (I'epmanust) BeICOKOMH
CTENeHM YUCTOTHL: Meb B rpanynax (Cu-00029; 99,9999%), cypsma B rpanynax (Sh-00002;
99,999 %), kycouku repmanusi (Ge-00003; 99,9999 %), kycouku cepsi (S-00001; 99,999 %).

WHauBUyalbHOCTh  BCEX  CHHTE3UPOBAHHBIX  COCJMHEHUH  KOHTPOJIMPOBAIHCH
meronamu [ITA u P®PA. IlomydyeHHble 3HayeHUs TeMIEpaTyp IIABICHUS U IapaMeTpPhl
KPUCTANTMYECKUX PEIIETOK BCEX CHHTE3MPOBAHHBIX COEJMHEHHH B Mpenenax MOrpeliHOCTH
(+3 K u 20,0003 A) 011 61U3KH K BBIIIEYKA3aHHBIM JTUTEPATYPHBIM JAHHBIM.

Jlis mpoBeZieHUsT SKCIIEPUMEHTOB CIUIABJICHHMEM HCXOIHBIX COEIMHEHHUH B YCIOBHUSX
BaKyyMma OBLIM IPUTOTOBJIEHBI 0K0J10 20-TH crutaBoB 1o paspe3y CuzShS,-GeS,. ITo ganHbIM
JATA 5uTBIX HEroMOI'€HE3MPOBAHHBIX CIUIABOB II0KA3aHO, YTO WX KPHUCTALIM3AIMS U3
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pacruiaBoB 3aBepiaeTcst mpu temrneparypax He Hke 680 K. C yueTom sToro mns goctuske-
HUSL COCTOSIHUSI, MaKCHMaJbHO OJM3KOrO K PAaBHOBECHOMY, JUTHIC CIUJIABBI, IOJYYCHHBIC
OBICTPBHIM OXJIAKJICHUEM pacIIaBoB, ObLIH 0TOMOKeHBI TTpH 650 K B Teuenne 700 yacos.

[TpurotoBneHHBIE 00pa3IbI UCCIEAYEMOI CUCTEMBbI nccienoBaiuchk merogamu JTA u
P®A. JITA mnpoBomunu Ha nuddepeHuanpbHO-cKaHupytomeM kamopumerpe 404 F1
PEGASUSSYSTEM ¢pupmsiNETZSCH. Ckopoctsio Harpesanus coctapisiia 10 K-mun™. B
OTIICNBHBIX CIIydasx JUIs OINpPENCICHHs] TeMIepaTypbl JTUKBHIyca OBUIM CHSTHI KpPHUBBIC
oxyaxaeHus. Pesymprarel m3mepenuin JITA oOpabaThBaIKCh ¢ MOMOIIBIO MPOrPAMMHOTO
obecnieuennss NETZSCHProteusSoftware. TouHOCTh U3MEpEHHUS TEMIIEPATYPhl HAXOANIACH B
npeaenax +2°.

PentrenodazoBelii  aHaim3 ObBUT  MPOBENEH IMPH KOMHATHOM TemmepaType Ha
nudpakromerpe D8 ADVANCE ¢pupmel BRUKER ¢ CuKoy nsznydennem. PerTrenorpaMmbl
HHIEKCHPOBAJIKCH C MOMOIIBI0 porpammel TopasV3.0 SoftwareBruker.

3. PE3YJIBTATBI U UX OBCYXJIEHHUE

POA anamm3 OTOXOKEHHBIX 00pasioB Mmokasan, 49ro cmiaBel CusShSs-GeS,,
comepxamie He Oonee 15 mon% GeSzomHodazHel W UMEIOT AU(QPAKIMOHHBIE TTHKA

UJICHTUYHbIC KaK JUIisi 4ucToro coerauHeHus: CUsSHS, ¢ He3HAYMTENbHBIM CABUTOM BIIPABO
(Puc.1).
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P
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Puc. 1. [Topomikossie audpakrorpammsl criaBoB CuzShSs-GeS;

310 cBUAETENBCTBYET 00 oOpa3oBaHuu 10 15 mMon % TBeproro pacTBopa Ha OCHOBE
coemuHenns: CuszSbS,. MHmunmpoBaHueM STHX MOPOIIKOBBIX PEHTIEHOIPAMM BBIYHCIICHBI
CII/TYIOIIME TTapaMEeTPhI PEIICTKH:

CusShS;a=5.3731 A;  ¢=10.7506 A;

(CU3SbS4)0_1(G€Sz)o_9 a=5.3609 A; ¢=10.743 A;

(CU3SbS4)0,15(G€Sz)0,85 a=5.3551 A; ¢=10.7307 A;

OOpaszoBanne TBepAbIX pacTBOpoB B cucreme CusSbhS,;-GeS;nmoarBepxaeHo Takxke
pesynbtatamu JTA (Puc.2). Onnako, nanueie JTA, Takke kak u PDA, mokazamu, 4to
cuctema CusShS,;-GeS; B 1enoM HEeKBa3MOMHApHA U XapaKTePU3yeTCs  CIOKHBIM
B3aUMOJICHCTBHEM B 00J1aCTH COCTaBOB, Oojee OoraTeix GeS,. [lanubie JITA uis CruiaBoB ¢
OoompmuM comepkanneM GeS, He ymamock wuHTeprperupoBaTh. [loatomy Ha Puc.2
npejcTaBieH ¢pparMeHT $a3zoBoit quarpammsel cucteMbl CusShS,-GeS,.
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Jlannas paboma ewvinonnena npu urancogoti noddepaicke Ponoa Pazeumus Hayku

npu Ilpesudenme Azepbaiioocanckoii Pecnyénuxu —Ipanm Ne EIF-BGM-4-RFTF-1/2017-
21/11/4-M-12.
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PHASE EQUILIBRIA ALONG THE Cu3SbSs-GeS,; SECTION
OF THE Cu-Ge-Sb-S SYSTEM

'Baladzhaeva A.N., YIsmayilova E.N., 2Shevelkov A.V., 'Bakhtiyarly 1.B.,
'Mashadiyeva L.F.

YInstitute of Catalysis and Inorganic Chemistry ANAS
’Moscow State University
ismayilova818@mail.ru

Phase equilibria on Cu3SbhS,-GeS; section have been studied by DTA and XRD. It was
found that solid solutions (a-phase) based on the CusSbS, compound with the Sb—Ge
substitution are formed in the system. The extent of solid solutions is up to 15 mol%. In the
GeSe,-rich composition region phase equilibria are complex.

Cu-Ge-Sb-S SISTEMININ Cu3SbS;-GeS,K9SiYi UZROFAZA TARAZLIQLARI
'Balacayeva A.N., ismayilova E.N., Sevelkov A.V., ‘Baxtiyarli I.B., *Magsadiyeva L.F.

LAMEA Kataliz va Qeyri-iizvi Kimya Institutu
2Moskva Doviat Universiteti
ismayilova818@mail.ru

Cu-Ge-Sh-S sisteminin Cu3ShS,-GeS; kasiyi tizra faza tarazliqlariDTA vo XRD iisullar
ulo 6yranilmisdir. Sistemdo Cu3SbS, birlogsmasi asasinda Sb—>Ge oavozetma bork mohlullarin
(a-faza) omolo golmosi askar edilmisdir. Bark mohlullarin genigliyi 15 mol%-o goadardir.
Sistemin GeSe; ilo zangin olan sahisinds faza tarazliqlart miirokkabdir.

O XAPAKTEPE ®A30BbIX PABHOBECHI B CUCTEMAX
MGaX;-MIn, X, (M —Mn, Fe; XS, Se, Te)

Mameooes. D.M.

Hncmumym Kamanuza u Heopeanuueckou Xumuu um. Axao. M. Hacuesa

HAH A3zepbatiooncana
faikmamadov@mail.ru

Key words: manganese and iron chalcogenides, phase equilibria, Fe(Mn)GalnX,
compounds, solid solutions, crystal structure.

KiroueBnie ciioBa: XAJIBbKOI'€CHH IbI MapraHiia M 2KcCJic3a, (I)a3OBBIe PaBHOBCCHA,
coenunenus Fe(Mn)GalnXy, TBepbie pacTBOPHI, KPHCTATHYIECKAs CTPYKTYpA.

B pa60Te MMPpEaACTaBJICHBI U CPABHCHBI JAHHBIC 110 (I)a30BLIM paBHOBECHUSAM B CUCTCMAaX
MGa,Xy4-MlIn, Xy (M — Mn, Fe; X — S, Se, Te). IlokazaHo, 4To u3 6 BO3MOXKHBIX CHCTEM
YKa3aHHOIro THIIA 4 HU3YUCHBI. HSy‘-IeHHBIe CUCTEMBI SABJIIAKOTCA KBa3I/I6I/IHapHLIMI/I u
XapaKTepU3ylTcsl 00pa3oBaHUMEM IIUPOKUX O00JIacTel TBEpABIX pPACTBOPOB HAa OCHOBE
HUCXOOHBIX COC,I[PIHCHHﬁ. XapaKTCpHOﬁ 0COOEHHOCTBIO BCEX YCTBIPEX CUCTEM ABJISICTCA TO,
gyro (da3er  cocraBa MGalnXmnaBsATcs KOHTPYSHTHO ¥ HUMEIOT  YIOPSAOYECHHBIC
KPUCTATINYCCKUC CTPYKTYPhI, XapaKTCPHBIC IS XUMHUYCCKUX COCHHHCHHﬁ.

BBenenune

Cpenu coKHBIX XalbKOT€HHUIOB BaXKHOE MECTO 3aHHUMAIOT COSAMHEHHUS, COIePIKAIIUe
MepPEXOIHBIC AJIEMEHTHI, B YaCTHOCTH TpoWHBIE coenuHeHus: TunaMB,X, (M — Mn, Fe, Co,
Ni; B — Ga, In, Sb, Bi; X — S, Se, Te). CoequHeHusIM 3TOr0 Kjacca MPUCYIIHA SBICHHS
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3JIEKTPOHHO- WJIM ONTUYECKH YIPABJISIEMOTrO MarHeTU3Ma U OHM BECbMa NEPCIEKTUBHBI IS
CO3/IaHUsl HAa UX OCHOBE pa3HOOOpa3HBIX (YHKIMOHAJIBHBIX YCTPOWCTB YIPABISIEMBIX
MarHuTHeIM TosieM [1-5]. B mocnenHee BpeMsi yCTaHOBJIEHO, YTO HEKOTOPBIE COEAMHEHUS
YKa3aHHOTO THIIA SIBJISIOTCS MarHUTHBIMHU TOMOJOTUYECKUMH H30JSATOPAMHU U YPE3BBIYANHO
NEPCIIEKTUBHBI JIUIsl CO3/IaHUS HA X OCHOBE CYMEpOBICTPBIX 3JEMEHTOB MaMATH, YCTPOUCTB
CIIMHTPOHUKH, KBAHTOBBIX KOMITBIOTEPOB, IECTEKTOPOB | T.I. [6-12].

HccnenoBanuss  mocieqHUX — JIET  IOKa3aJd, 4YTO  BapbUpPOBaHUEM  COCTaBa
BBIILICYKA3aHHbIX COEIMHEHUI IyTEM IOJY4YEHMs] TBEPABIX PACTBOPOB PA3JIMYHOIO THIA
3aMEeUICHHUS] MOKHO CYIIECTBEHHO YJIYYIIUTh U PACHIMPUTH JUANA30H MX (PYHKIIMOHAIbHBIX
xapakrepucTrk [ 13-17].

Pa3paboTky MHOTOKOMIOHEHTHBIX HEOPTaHUYECKUX MaTepuajoB, OOJIbIIOE 3HAUECHUE
UMEET YCTaHOBJIEHHE XapakTepa (ha30BBIX PABHOBECHI B COOTBETCTBYIOIIMX cHcTemax [18,
19]. ®a3oBble AuarpamMMbl MO3BOJISIIOT BBISIBUTH HOBBIE MTPOMEXKYTOUHbIE (ha3bl, YCTAHOBUTD
UX Xapakrep oOpa3oBaHus, 00JaCTH MEPBUYHON KPUCTAJUTM3ALUN U TOMOT€HHOCTH, HAINYHE
nonuMop(dHBIX mpeBpamieHuid U T.1. COBOKYIMHOCTh 3THX JaHHBIX SIBISETCS OCHOBOW ISt
pa3paboOTKM METOJIMK CHUHTE3a U BBIPAILMBAHUSA KPUCTAIJIOB C 33aJaHHBIMU COCTaBOM U
cBoiicTBamu[ 19].

B nmanHoil pabGore 0000IIEHBI TUTEpATypHBbIC NaHHBIC MO (a30BBIM PABHOBECHSIM B
cucreMax MGay Xy — MIny X, v oTMEdeHBI HEKOTOPBIE 0COOCHHOCTH (ha30BBIX PAaBHOBECUN H
dazoo0Opa3oBaHMs B HUX.

AHanu3 AUTEpaTypHbIX JAHHBIX MOKa3all, YTO M3 6 BO3MOYKHBIX CHUCTEM YKA3aHHOI'O
TUTA JJIs1 9eThIpex u3ydeHsl (hazoBeie paBHOBecHs [20-24]. CormacHO MaHHBIM 3THUX padoT,
BCE€ U3YUEHHBIE CUCTEMBI SABIISIOTCS KBAa3UOMHAPHBIMH.

Cucrema FeGaySs-FelnyS,[20]  sBisiercss  KBa3MOMHApHBIM M OTHOCHTCS
ATEKTUYECKOMY TUIly ¢ 0Opa3oBaHUEM IIHUPOKHX OOJacTel TBEPIbIX PACTBOPOB Ha OCHOBE
HCXOJIHBIX TPOWHBIX coequHeHni (B- u y-¢a3er). IBTekTnka umeet coctaB 70 Mon% FelnySa
u kpucraumsyercs npu 1340 K (puc.).

[lo nmawueiv [20] mmaBnenwe P - ¢assl cocraBa 50 mMon% FelnyS, sBnsercs
n30TepMUYECKUM MporeccoM (Touka K), Torma kak TBepAble pacTBOPHI APYTHUX COCTABOB
IJIaBATCA B MHTEpBAJIE TEMIEPATyp. ODTO IO3BOJIIET OXapaKTepU30BaTh CILJIAB COCTaBa
FeGalnS, xak ymopsimoueHHyI0 a3y ¢ KOHTPYIHTHBIM TUTABIICHUEM.

B Tabnune mnpencraBineHbl (a30BblE COCTaBbI CIUIABOB, a TaK)Ke THUIBI U TapaMeTphbl
KPUCTAUTHIECKUX PEIIETOK TBEPABIX pacTBOpoB cucteMbl FeGaySs-Felny,S, m npyrux cucrem
JTAHHOTO THUIIA.

Tab6auna.
CocraBsl 1 KpucTayuiorpadguyeckue napaMmeTpsl ¢pa3 B HEKOTOPBIX CHCTEM COCTABICHHBIX U3
coequHeHnitMB, X,

Cuctem | @a3oBblii cocTaB, | THII M TapaMeTpbl KPUCTAIUTHYECKON PEIIETKH, HM
mol%

5 mol% Feln,S,

] FeGa2S4 tpuronanbHas, P-3m1 a=0.36543(3); ¢=1.20558(8)
@ 20 tpuronanbHas, P-3m1 a=0.369503(3); ¢=1.211243(7)
L 40 tpuroHanbHas, P-3m1 a=0,379503(2); c=1.216903(6)
Q 50 tpuronansHas, P-3m1 a =0.37765(1), ¢=1.22257(3)
Q 80 kyouueckas, Fd-3ma= 1.05152(8)

L 100 Kkyouueckas, Fd-3m,a = 1.0607(7)

L o O d mol % FeGa,Se,
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Feln,Se,

tpuronanbHas, P-3m1, a =0.40173(3); ¢=3.8972(12)

20 tpuronainbhas, P-3ml a =0,39831(3); ¢=3.8811(4)
40 tpuronanbHas, P-3m1l a =0,39475(3); ¢=3.86431(4)
50 tpuronanbhas, P-3ml, a =0.39290(1), ¢c=3.8542(6)
80 Kyouueckas, F- 43ma = 0.55492(4)
100 kyouueckas, F- 43ma = 0.55006(3)
. mol % MnGa,Se,
S - | MninsSe, Tpuronansuas, R-3m,a = 0,405289 (45);c=3.94494(44)
g Ué' 50 TpuroHaibHas, P-3ml,a=0,39812 (4);c=1,29904 (1)
§ g 100 teTparoHanbHasi, 1-4, a = 0.5677 (7);c= 0.10761 (9)

mol %MnGa,Te,

,":’r Mnin,Tey terparoHanbHast, 1-42m,a=0,61949 (5);c = 1.23956(2)
IS 20 teTparonanbHas, 1-42ma=0,61553 (3); ¢=1.23026(7)
§ 40 terparoHansHast, 1-42ma=0,61207 (3); ¢=1.22232(7)
[N 50 terparonanbhas, 1-42m, a=0,610293(7),c = 1.21766(2)
Iq{‘ 60 terparonanbHas, 1-42m,a=0,60816(3),c = 1.21308(8)
3 100 ncesi0-TeTparonansHas, a=h= 0,8486,c = 4.840.

[

=

Cucrema FeGa,Ses—Feln,Sey[21] xapakrepusyercs HamndueMm AuCTeKTHYECKOTO (D)
U 9BTEKTHUYECKOTO (€) paBHOBECHI M 00pa30BaHHEM MIMPOKHUX 00JacTel TBEpIbIX PACTBOPOB
(o- u PB-da3pl) co CTOpOHBI 000OMX HCXOMHBIX coeauHeHWi (puc. ). OOpamaer Ha
ceOsIBHUMaHKE KOHIPY HTHOE maBieHue B-¢asbl coctaBa FeGalnSes mpu 1222 K.

Cucrema MnGa,Ses;-Mnln,Se,. dazoBast aumarpamMMa 3TOW CHCTEMBI HE MOCTPOCHA.
OpHako B [22] moka3aHO, YTO OHAa TakKXe XapakTepuszyercs oOpa30BaHUEM HIMPOKHX
o0acTeil TBEpJBIX PAacTBOPOB HA OCHOBE 00OMX MCXOJAHBIX COeMUHEHHU. PacTBOPUMOCTH Ha
ocaoBe MnGa,Se, cocraBuser 25 mon%, a Ha ocHoBe MnlIn,Ses — 60 mon%. CmiaB cocraBa
MnGalnSes mnnaButcst koHrpysutHo npu 1220 K. Ha ocHoBe aHanmm3a  HOPOIIKOBBIX
TudpakTorpaMM — yCTaHOBJIEHO, uTo ciiaB coctaBa 50 mon% MnlInySes (daza cocraBa
MnGalnSe;) mMeeT KauyeCTBEHHO HOBYIO JU(DPAKIMOHHYIO KApTUHY OTIHYAONIYIOCS OT
JU(pPaKTOrpaMM UCXOJHBIX TPOWHBIX coequHenuil. Kpucrammmueckas crpykrypa MnGalnSe,
yrouneHa B [18] wmeromom PurtBenpma ¢ wucmonb3oBaHueMm mporpammbl  TOPAS-4.2,
YcranoneHo, urocoennHeHneMnGalnSe kpucranan3yeTcsBTpUroHalbHOWCHHTOHUH(Ta0M).

T.K
$1415
1415300 |

&l 285 L

1250 L+(FeGa,Se,)

D (1222)

(FeGa,Se,)

1200 + L+(Feln,Se,)

1195
(Feln,Se,)

“(FeGa,Se,)+(Feln,Se,)

FeGa,Se, 20 40 60 80
mol% Feln,Se,

FeGa,S, 20 40 60 80
mol% Feln,S,

Feln,S, Feln,Se,
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Puc.3. ®azoBsie quarpammsl cucteMm FeGaySs- FelnySys, FeGaySey- FelnaSeq, u MnGagTes-
Mnin,Tey
Cucrema MnGa,Te;-Mnin,Tes. ®dazoBass gmarpamma 310l cuctemsl  (puc.),
npeactaBieHHas B [23], KkadecTBeHHO aHajgornyHa cucreme FeGapSes—Feln,Sey.
PactBopumocTs Ha ocHoBe MnGa,Tes cocraBmsier 12-14 mon% (a-daza), a Ha OCHOBE
Mnlin,Tes — 6onee 60 mon% (B-daza). TemnepaTypa KOHTpY’HTHOrO IuTaBlieHUs [-(a3sl
cocraBa MnGalnTe, paBna 1030 K.
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ABOUT THE CHARACTER OF PHASE EQUILIBRIES IN SYSTEMS
MGaxX;-MInoXy (M -Mn, Fe; X -S, Se, TE)

Mamedov.F. M.
faikmamadov@mail.ru

The paper presents and compares the data on phase equilibria in the systems MGa,Xy-
MIn, X, (M - Mn, Fe; X - S, Se, Te). It is shown that out of 6 possible systems of this type, 4
have been studied. The studied systems are quasi-binary and are characterized by the
formation of wide regions of solid solutions based on the starting compounds. A characteristic
feature of all four systems is that the phases with the MGalnX,composition melt congruently
and have ordered crystal structures characteristic of chemical compounds.

GeSb,Tes- SnSbh,Te, SISTEMINDO FAZA TARAZLIQLARI
1N;;biyev E.R., *Sultanova S.Q., Yusibov Y.0., *>Babanli M.B.

'Ganca Dévist Universiteti
?Baki Déviat Universiteti
*Kataliz va qeyri-iizvi kimya Institutu, AMEA
babanlymb@gmail.com

Acar sozlar:germanium-stibium telluridi, galay-stibium telluridi, faza tarazliglari, bark
mohlullar, kristal qurulus

Keywords: germanium-bismuth tellurides, tin-bismuth tellurides, phase equilibria, solid
solutions.

KiioueBble cjioBa: TEITypu I repMaHus CypbMBbI, TEIUTYPH] Te€pMaHUsl 0JI0Ba, (ha30BbIe
paBHOBECHS, TBEPBIC PACTBOPBI, KPUCTAJUINYECKAs CTPYKTypa

DTA vo RFA iisullar1 ilo GeSh,Tes-SnSh,Te, sistemi todqiq edilmigdir. Mioyyan
edilmisdir ki, o, miivafiq dordkomponentli sistemin kvazistabil kasiyidir.Sistemda
tetradimitobonzor layl quruluslu fasilosiz bark moahlullar sirasi agkar edilmis, bark moahlullarin
arimo xarakteri va temperaturlari, homginin kristal qofas parametrlori toyin olunmusdur.

Giris

AVBY;Te, (AY- Ge, Sn, Pb; BY-Sb, Bi) tirpli birlosmolor tetradimitobanzor layli
qurulusa malik olub, maraqli termoelektrik vo topoloji izolyator xassslori niimayis etdirirlor
[1-6].

Bu birlosmalorin  funksional xassslorinin mogsadyonlii  doyisdirilmasinin  asas
yollarindan biri onlar asasinda miirokkob torkibli bork mohlullarin alinmasidir. Bu onunla
olagadordir ki, bark mohlullarin torkibini genis intervalda doyisdirmok miimkiindiir, bu iso
onlarin funksional xassalorini optimalasdirmagq tigiin genis imkanlar yaradir [2, 7, 8].

Bu isdo biz topoloji izolyator xassali yeni doyigon torkibli fazalar alinmasi istigamatindo
todgiqatlarin davami olaraq GeSb,Tes-SnSh,Tessisteminds faza tarazliglarinin tadgigignin
naticalarini toqdim edirik.

Tacriibi hissa
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Toadgiqatlar aparmaq ti¢iin Almaniyanin Alfa Aesar sirkotindon alinmig kimyavi tomiz
elementar komponentlor istifade olunmusdur. ilkin marholodo elementar komponentlorin
vakuum soraitinds (~107 Pa) kvars ampulalarda birgs aridilmasi ilo GeSb,Tes vo SnSb,Tes
birlosmaloari sintez olunmus va identifikasiya edilmisdir.

GeSh,Tes-SnSh,Teysisteminin niimunolori ilkin Uglii birlosmoalorin vakuum soraitindo
birgo oridilmesi vo maye haldan (700 °C) tavlandirilmasi ilo hazirlanmisdir. Secilmis
niimunalorin qizma termoqramlari osasinda solidus temperaturlart miioyyonlosdirilmis va
xalitalor hamin temperaturdan 20-50° asagida uzun miiddatli (1000 s.) termiki emal edilmisdir.

Faza tarazliglan DTA (NETZSCH 404 F1 Pegasus pirometrlori; xromel-aliimel
termociitlori), RFA (D8 ADVANCE ovuntu difraktoqramlari, CuK,—stialanma) isullar ilo
todqiq edilmidir.

Naticalor

Termiki emaldan kegirilmis niimunalorin DTA naticalori asasinda sistemin T-x diagrami
qurulmusdur (sok.). Miiayyan edilmisdir ki, sistem hor iki ilkin birlosmanin inkongruent
arimasi [2, 9]sebobindan geyri-kvazibinardir, lakin soldusdan asagida stabildir. Likvidus
oyrisi iki goldan ibaratdir. GeSh,Te,; birlosmasinin L+Ge,Sh,Tes«<>GeSh,Tes, SnSh,Te,
birlogsmasinin iso L+SnTe«>SnSh,Tesperitektik reaksiyasi iizra pargalanmaqla oridiyini nozara
alaraq gostormak olar ki, bu qollar soldan saga Ge,Sh,Tesvo SnTe (Vo ya onun asasinda a-
faza) fazalarin ilkin kristallasmasina uygun golir (sok.).

Likvidusdanasagidakicik temperatur vo qatiliq sahasndo Ge,Sb,Tes+a qarisiginin birgo
kristallasmas1 miisahido edilir. 0-35 mol% SnSbh,Te, torkib intervalinda kristallasma
monovariantperitektikreaksiyasi tizra, 50-100 mol% SnSh,Te, torkib intervalinda iso

L+o<>y
monovariantperitektikreaksiyasi tizrodavam edir. Bu reaksiyalarin
gedisindofazadiaqramiiizorindoL+Ge,Sh,Tes+y vo L+a+yiigfazalisaholori yaranir (sok.).

g LH0e,8b,Te.

620f ~ L+Ge,Sb,Te 4o
— ey BT

L+Ge,8h,Te+y

600
Loty 595
Y
580F
| | | |
GeSb,Te, 20 40 60 80 SnSb,Te,

mol%
Sok. GeSh,Tes- SnSh,Te, sisteminin faza diagrami

Biitiin niimunalarin kristallagsmas1 bircinsli y-fazanin amolo goalmoasi ilo basa gatir. Faza
diagramlarmin  qurulus  xisusiyyotlorino  géro  bubirazalisaho  L+Ge,Sb,Tes+yva
L+atyli¢fazalisahalori ilo ilobirbasahomsarhadolabilmaz. Bu yalniz o halda miimkiindiir ki,
niimunalorin torkiblori GeSh,Tes- SnSbhyTegskasiyi tlizorinds olsun. Bizim halda bu sort
odandiyindon yuxarida gostorilon monovariant peritektik reaksiyalarda maye faza va onunla
reaksiyaya giron bark faza (Ge,Sbh,Tes Vo ya o) eyni zamanda tam sarf olunur.

Sintezolunmusvatarazlighalinagatirilmisniimunslorintoz difraktoqramlar1
asasindatadgigetdiyimizsisteminilkinbirlogsmalarininvamiixtaliftarkiblibarkmohlullarinin
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bircinsliliyi  tosdiq  edilmis  vo  onlarin  kristalgofosparametrlorihesablanmigdir.
Miioyyonedilmisdirki, biitin niimunslor tetradimitobonzorlayliqurulusamalikdirlorvoonlarin
gofasparametrloritarkibinxottifunksiyasidir.

Almmis yeni doyison torkibli fazalar potensial topoloji izolyator vo termoelektrik
materiallar1 kimi maraq dogurur.

Is Azorbaycan Respublikasinin Prezidenti yaninda Elmin Inkisafi Fondunun gisman
maliyya dastayi ilo yerina yetirilmisdir. Qrant Ne EIF / MOM / EIm-Tahsil-1-2016-1(26)-
71/01/4-M-33.
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THE PHYSICO-CHEMICAL INTERACTION IN THE GeBi,Tes- SnBi,Te;, SYSTEM
'Nabiyev E.R., *Sultanova S.G., * Yusibov Y.A., >*Babanli M.B.

Ganja State University
2 Baku State University

%Institute of Catalysis and Inorganic Chemistry, ANAS
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The GeBi,Tes- SnBi,Te, system was studied by DTA and XRD. It was found that it is a
quasistable cross section of the corresponding quaternary system and forms a continuous
series of solid solutions with tetradymyte-like layered structure.
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Metonamu JITA u P®DA wusyuena cucrema GeSh,Tes-SnSh,Tes. Ilokazano, drto
CHCTEMA SIBJISETCS KBAa3UCTAOMJIBHBIM CEYEHHEM COOTBETCTBYIOLIECH YETBEPHOM cHcTeMbl. B
chucTeMe OOHapyXeHbl HENpPEphIBHBIC TBEPABIE pPACTBOPHI C TETPAAUMHUTOIOIO00OHON
CTPYKTYPOH, ONpe/IeeHbl XapakTep ¥ TEMIIEPATyPhl IUIABICHUSATBEPBIX PACTBOPOB, a TAKKE
IapameTpsl KpUCTAUIMYECKUX PELIETOK.

Cu-Ag-Si-S SISTEMININ Cu,S-Ag,S-Ag,SiS3;-Cu,SiS; TORKIB
SAHOSINDO BORKFAZA TARAZLIQLARI

Yyusibov Y.A., 'INamazov C.S., lAlverdiyev Ic, ’Hasanova Z.T., >>Babanli M.B.

'Ganca Dévist Universiteti
?Baki Déviat Universiteti
?Kataliz va qeyri-iizvi kimya Institutu, AMEA
babanlymb@gamil.com

Acar sozlar: mis-silisium sulfidlori, giimiis-silisium sulfidlori, argirodit tipli fazalar, faza
tarazliglari, bark mahlullar.

Keywords: copper-silicon sulfides, silver-silicon sulfides, argyrodite-type phases,
phase equilibria, solid solutions.

Isdo Cu-Ag-Si-S sisteminin Cu,S-Ag,S-Ag,SiSs-Cu,SiS; torkib sahssinds barkfaza
tarazliglar1 Oyronilmis, faza diagraminin 750 vo 550 K temperaturlarda izotermik kasiklori
qurulmusdur. Sistemds Cu,S-Ag,S Vo AQ,SiS3-Cu,SiS; yan toroflori vo CugSiSg-AgsSiSe
daxili kasiyi iizro genis vo ya fasilasiz bark mohlul saholori askar edilmisdir. 750 vo 550 K
temperaturlarda izotermik kasiklor tizrs faza tarazliqlar1 xarakteri miigayisoli tohlil edilmisdir.

GIRIS

Mis vo giimiisiin p’-elementlorlo xalkogenidlori vo onlar osasinda bork mohlullar vo
asqarlanmis fazalar termoelektrik, fotoelektrik, optik vo S. xassaloro malik olan pespektivli
ekoloji tomiz funksional materiallardir [1, 2]. Onlarin bir goxu hom ds ion kegiriciliyino malik
olub, ionselektiv elektrodlar, bark elektrolitlor va s. kimi tatbiq liclin pespektivlidirlar [3,4].
Bu xalkogenidlor sirasinda A'sB"Xs va ALB'VX5 (Al- Cu, Ag; B'-Si, Ge, Sn; X-S, Se) tipli
birlosmalorin funksional xassalari daha otrafli 6yronilmisdir. Homin birlogsmalor asasinda bark
mohlullarin alinmast praktiki baximdan bdyiik maraq kosb edir, ¢iinki bark mohlullarin
torkibini doyismoklo xassalorini optimallasdirmaq miimkiindiir.

Yeni doyison torkibli xalkogenid fazalarin axtarisi baximindan Cu,X-Ag,X-B'VX, sistemlori
boyiik maraq kosb edir. Onlarm sorhad Cu,X-B'YX, vo Ag,X-B'X, sistemlorinda A',B"VX;, A'sB"YXs
torkibli ticlii birlosmolor méveuddur. Ona géra do Cu,X-Ag,X-B'Y X, sistemlarinds miivafiq izoformul
birlogmalor arasinda genis avozolunma bark moahlullart amalagalmasi va hamin bark moahlullarin eyni
zamanda mis vo giimiis kationlarina gors ion keciriciliyina malik olmalart gozlanilir. [5-10] islorinds
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Cu,S-Ag,S-GeS; va Cu,Se-Ag,Se-GeSe, sistemlorinds faza tarazliginin todgiqi onlarda izoformul
birlagsmalor asasinda genis va ya fasilosiz bark mahlullar smala goimasini tosdiq etmisdir.

Togdim olunan isin magsadi Cu-Ag-Si-S sisteminin Cu,S-Ag,S-Ag,SiS3-Cu,SiS; torkib
sahasinds barkfaza tarazliqlar todgiqidir.

TOCRUBI HISSO

Cu,S-Ag2S-Ag,SiSs-Cu,SiS;  sisteminin tadqiq {iglin  avvalca ilkin binar vi igli
birlosmolor, homg¢inin bu torkib sahasinde moévcud olan AggSiSg Vo CugSiSg birlogsmalori
sintez edilmisdir. Sintezlor yiiksok tomizliya malik miivafiq
basitmaddalarinstexiometriknisbatdagotiiriilmiisqarisiglarininkvarsampulalardavakuumsoraiti
ndo (107Pa) aridilmasiiloaparilmisdir. Biitiin bu birlogsmolorin  arimotemperaturlarinda
kiikiirdiin (Tqay=718 K) doymus
buxartazyiqiyiiksokoldugundansintezmailisobadaikizonalirejimdoaparilmisdir.

Sintez olunmus birlogsmolor DTA vo RFA {isullar ilo identifikasiya edilmiglor. Sonra
onlarin mixtolif nisbatlords vakuum sgoraitindo  birga oaridilmasilo Cu,S-Ag,S-Ag,SiSs-
Cu,SiS;z sisteminin miixtolif torkibli xolitolori sintez edilmisdir. Hazirlanmis xolitolorin
tarazliq halina gotirilmosi tiglin onlar 750 K (seriya I) vo 550 K-do (seriya I1) 500 s.
miiddatinds termiki emal edilmis vo soyuq suya atmaqla tavlandiriimslar.

Hazirlanmig niimunalor DTA (NETZSCH 404 F1 Pegasus sistemi) vo RFA (Bruker D8
ADVANCE vos D2 Phaser difraktometrlor, CuK,-stialanmasr)iisullari ilo tadqiq olunmuslar.

NOTICOLOR VO ONLARIN MUZAKIRDSI

Faza diagrammin 750 vo 550 K-do izotermik kasiklorini qurmaq ii¢iin homin
temperaturlarda termiki emal edilmis vo tavlandirilmis niimunslor tgiin DTA vo RFA
naticalari ilo yanasi sarhad sistemlors aid adabiyyat molumatlarindan istifads olunmusdur.

750K-da izotermik kasik. Faza diagramimin bu kasiyi Cu,S-Ag,S konar kvazibinar
sistemindo fasilosiz yiiksoktemperaturlu a-bark mohlullar, digor iki konar sistemds iso
CugSiSg  (yiiksoktemperaturlu  kubik  quruluslu  modifikasiya); Cu,SiSs, AgsSiSe
(yiiksoktemperaturlu kubik quruluslu modifikasiya) vo Ag,SiSs birlosmasini oks etdirir. Konar
Cu,GeS3-Ag,GeS; sistemi ilo yanasi daxili CugGeSg-AgsGeSg kasiyi do stabildir. 750 K-do
CuyS-Ag,S vo CugGeSg-AgsGeSg kosiklori tizra fasilosiz (6-faza), Cu,GeS;-Ag,GeSs kasiyi
lizra iso ilkin birlogmalor osasinda genis bark mahlul sahslori (y1- vo y,-fazalar) amoalo galir.
Qeyd edilon fazalar bir-biri ilo genis ikifazalar1 (a+0, y1+d vo y,+8) vo tg¢fazall (y1+y2+0)
sahalor amolo gotirirlor.

550 K-da izotermik kasik (sok.). Temperaturun azalmasi ilo sistemin CugGeSe-
AgsGeSs-AgrGeS;-Cu,GeS;  torkib  sahosindo  faza tarazliglarinin  xarakteri keyfiyyoatco
doyismir, yalniz y; Va yp-fazalarin homogenlik sahalori cuzi daralir.
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Sok. Cu,S-Ag,S-Ag,SiS3-Cu,SiS; sisteminin 550 K-ds borkfaza tarazliglari diagramu.

Cu,S-CugGeSg-AgsGeSe-AgeS tarkib sahasinds iso 750K-lo miigayisedo faza taraz-
liglarinda keyfiyyot doyisikliyi bas verir. Cu,S vo Ag,S birlagsmoalarinds polimorf gevrilmo bas
verdiyindon Cu,S-Ag,S kvazibinar sisteminds yiiksoktemperaturlu a-fazanin homogenlik
sahasi 38-74 mol% AQ,S intervalina godar ki¢ilir vo sistemdo Cu,S vo Ag,S birlosmoalarinin
ortatemperaturlu modifikasiyalar1 asasinda genis oy (0-27mol% Ag:S) vo o, (88-100mol%
AQ,S) bark mahlul sahoalari amolo galir. Naticodo 550K-da sistemds o496 ilo yanast a3+ vo
ax+0 ikifazali saholori formalasir. Bu faza saholori bir-biri ilo o;ta+d vo axtot+d tigfazali
saholoari ilo sarhodlonirlor.

Tadqiq olunmus sistemds askar edilmis yeni doyison torkibli fazalar potensial ekoloji
tohliikasiz funksional materiallar kimi maraq kasb edir.

Is Azorbaycan Respublikasinin Prezidenti yaninda Elmin Inkisafi Fondunun gismon
maliyya dastayi ilo yerina yetirilmisdir. Qrant Ne EIF-BGM-4-RFTF-1/2017-21/11/4-M-12.
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SOLIDPHASE EQUILIBRIA IN THE Cu,S-Ag,S-Ag,SiS;-Cu,SiS; COMPOSITION
AREA OF THE Cu-Ag-Si-S SYSTEM

Yusibov Y.A., Namazov J.S., Alverdiyev 1.J., Hasanova Z.T., Babanli M.B.
babanlymb@gamil.com

In this work, solid-phase equilibria in the Cu,S-Ag,S-Ag,SiS3-Cu,SiS3 composition area
of the Cu-Ag-Si-S system were studied, and isothermal sections at 750 and 550 K of the
phase diagram were constructed. The system found wide or continuous solid solution areas
along the Cu,S-Ag,S and Ag,SiS;-Cu,SiS; boundary systems as well as CugSiSs-AgsSiSe
inner section. The nature of the phase equilibria on the isothermal sections at 750 and 550 K
was compared comparatively.

MnTe-Bi,TesSISTEMININ Bi,Tes-lo ZONGIN SAHOSININ FAZA
DIAQRAMININDOQIQLOSDIRILMOSI

Oruclu E.N.l, Aliyev Z.S.2‘3, Omiraslanov i.R.3, Babanli M.B.*

'AMEAKataliz va Qeyri-iizvi Kimya Institutu
2Azarbaycan Doviat Neft va Sonaye Universiteti
SAMEA Fizika Institutu
elnur.oruclu@yahoo.com

Acar sozlar: MnTe-Bi,Tessistemi, faza tarazligi, tetradimitabanzar, topoloji izolyator.

Differensial termiki analiz va rentgenfaza analizitisullar: ilo MnTe—Bi,Te; sisteminin Bi,Tes ilo zangin
sahasi tadqgiq olunmus va miivafiq hissonin faza diagrami yenidon qurulmusdur. Miioyyan edilmigdir
ki, sistemda odobiyyatda gostorilon MnBi,Tes;, MnBisTe; va MnBigTeybirlogmalarindan alava
tetradimitobonzor layli qurulusiuMnBigTe s, MNBigTesva MnBiy,Tegbirlagmalari do amoala galir.

Giris

Topoloji izolyatorlarin (TI) kosfindon sonra bu sahado aparilan totgigatlar osason belo
materiallarda maqnetizmin yaradilmasi ilo baghdir. Xiisusilo, eyni zamanda TI vo magnit
xassoyo malik materiallar kvant anomal Holl effekti, topoloji aksion voziyyati,
maqgnetoelektrik effekt vo s. kimi bir sira yeni topolji kvant hallarinin miisahids edilmasi tiglin
perspektivli tadgigat obyektlori hesab olunur [1-3]. Molum TI xassali binar bismut va stibium
xalkogenidlarini kegid metallari ilo asqarlamagqla onlara magnit xassalorin verilmasi ¢ox asagi
temperaturlarda maqnetizmin yaranmasma sabob olur ki, bu da praktiki totbiq ticiin
alverigsizdir [4,5]. Son todqiqatlar onu gostarir ki, MnTe-Sh(Bi),Tes sistemlorinds olan iiglii
birlosmalor bu baximdan oldugca shamiyyatlidir. Tetradimitabanzor layli qurulusa malik bu
birlosmolordo maqnetik mangan tellurid laylar TT xassali bismut vo ya stibium tellurid laylar:
ilo tokrarlanan qurulus amola gatirir. Bu sistemlorde mévcud olan tiglii birlosmalards topoloji

soth hali vo maqnetizm arasindaki slagoni Gyronmok fiigiin son dovrlor bir ¢ox todgigatlar
aparilmigdir [6-8].
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Odobiyyat molumatlarinin analizi gostorir ki, MnTe—-Bi,Te; sisteminin faza diaqraminin
movcud versiyalarinda yalniz 3 birlosmo gostorilmisdir [9]. (MnTe)-(Bi,Tes), homoloji
strasinin digar niimayanlorinin miimkiinliiyli haqda bir sira islarde malumat verilss ds [10,11],
bu birlagsmolor faza diaqgraminda 6z oksini tapmamigdir.

Toqdim olunan isdo MnTe—Bi,Tessisteminin Bi,Te; ilo zongin sahasi todgiq olunaraqg
sistemds tetradimitobanzor quruluslu yeni tglii birlosmoalor askar edilmis vo onlarin arims
xarakteri miioyyonlosdirilorok faza diagraminin miivafiq hissasi yenidon qurulmusdur.
Qurulmus faza diaqrami todgigq olunan sistemdo potensial magnit xasseli Ti fazalarmimn
monokristallarinin yetisdirilmasi {igiin torkiblorin vo uygun temperatur intervalinin secilmasi
baximindan shamiyyatlidir.

Tacriibi hisso Vo naticolorin miizakirasi

Toadqig olunan sistemin ilkin binar birlosmolori olan MnTe vo Bi,Tes yiiksok tomizlikli
elementlarin birge aridilmasi ilo vakuumlasdirilmis kvars ampullarda uygun olaraq 1200 vo
700°C-do sintez edilmisdir. Xiisusilo MnTe-un sintezi zamani kvarsla manqanin reaksiya
girmasi tohliikasino gora siiso-grafit torkibli tigeldon istifado olunmusdur. Sintez olunmus
ilkin birlogsmalordon istifado etmoklo forgli torkiblordo MnTe—Bi,Tessisteminin xalitalori
hazirlanmis vo 700°C sintez edilorok buzlu suda tablandirilmigdir. Niimunslori tarazliq halina
gotirmok {iglin olave olarag 1000 saat 550°C-do termiki emal olunmusdur. Eyni zamanda
miimkiin yeni fazalar1 indentifikasiya etmok {igiin bazi tarkiblor istigamatli kristallagsma yolu
ilo do sintez edilmisdir.

Sintez olunmus niimunolor differensial termiki analiz (DTA) vo rentgen faza analizi (RFA)
metodlari ilo tadqiq olunmusdur. Belo ki, DTA ii¢iin LINSEIS HDSC PT1600 (10 °C-min™)
sistemi, RFA ti¢lin iso Bruker D2 PHASER (CuKsiialanmasi ilo) cihazindan istifads
olunmusdur. Qurulus tayini vo gofas parametrlorinin hesablanmasi ti¢iin TOPAS 4.2 voEVA
programlari istifade olumusdur.

Termiki emal olunmus polikristallik niimunoslorin ovuntu RFA naticalori onu gostarir Ki,
niimunalor asasan MnBi,Tes, MnBisTe;, MnBigTeio Vo Bi,Tes kimi fazalarin qarisigindan
ibaratdir. Bu fazalara aid olmayan vo mévcud baza malumatlari ilo indekslonmayan difraksiya
Xatlori isa ¢ox zoaif intensivlikli oldugu Giglin onlar1 farglondirmak oldugqca ¢atindir.

T2C
600 L +aMnTe
590 L
P
L+ MnBi.Te, 5g2 P. 288
L +MnBi,Te, 580 \
580 T & pis, e
> Ps
L + MnBi,Te,, e 574 RO
gl =|&|=
560 = N
2 2N ]| 9
S S1S|S
—— 2 . : ; .
MnTe 75 80 85 90 95 Bi,Te,

mol% Bi,Te,
Sakil. MnTe-Bi,Tes sisteminin faza diaqgramindan fragment.

Lakin sistemin Bi,Tes ilo zongin sahasindo miixtalif torkiblordo istigamatli
kristallasma yolu ilo alinmis niimunalorinin analizi forgli noticays galmays osas verir. Belos ki,
polikristallik niimunslords oldugu kimi bu niimunslor do qarisiq fazali olsa da, mikroskop
altinda secilmis sothlorin RFA analizi moévcud MnBiyTes, MnBisTe;, MnBigTe
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birlosmoalorindon basqa sistemdo (MnTe)-(BioTes), homoloji sirasinin  daha yiiksok
niimayandalarinin oldugunu gostarir. Nozars alsaq ki, layli qurulusu bu fazalar miixtalif sayda
olmagla 2 layli MnTe vo 5 layli BiyTes paketlorinin ¢ oxu boyunca tokrarlanmasindan
ibarotdir, yeni birlogsmolorin ¢ parametrlori a parametrlorindon forgli olaraq bir-birindon
nozara ¢arpacaq qodar forglonmalidir. Laylarin sathlorindon alinan difraksiya xotlori kristal
gofasin yalniz 001 indeksli miistavilorine aid oldugundan bu rentgenoqramlar asasinda biz
yeni fazalarin ¢ parametrlorini asanligla toyin eds bilirik. Sokilds verilmis faza diagrami yeni
fazalarin seg¢ilmis monokristallik niimunalorinin  DTA analizi asasinda qurulmusdur.
Peritektik kaskad omolo gotiron bu fazalarin orimo temperaturlari bir-birino ¢ox yaxin
oldugundan termoqramlarda yaxin termiki effektlori forglondirmok miimkiin deyil. Ona goro
do diagramda 574-577°C temperatur intervali daxilindo peritektika Xatlori qiriq xatlorlo
verilmisdir.
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REFINEMENT OF THE Bi,Te; RICH SIDE OF THE MnTe-Bi,Te; SYSTEM
Orujlu E.N., Aliev Z.S., Amiraslanov |.R., Babanly M.B.

The phase diagram of theB;,Tes rich side of MnTe-Bi,Te; system was re-investigated using
differential thermal analysis and powder X-ray diffraction techniques. It was established that
system contains new tetradymite-type layered compounds, namely MnBigTe 3, MnBijgTegand
MnBiy,Tesg along with already known MnBi,Tes, MnBi,sTe; and MnBigTe;pcompounds.
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Bi, - Bi,Ses - Bi,Te; SISTEMININ LIKVIDUS SOTHI
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Acar sozlar: Bi-Se-Te sistemi, bismut selenidlori va telluridlori, bark mohlullar, faza
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Isdo Biy - Bi,Ses - Bi,Tes sisteminda faza tarazliglar: dyronilmis vo sistemin likvidus
Sathinin proyeksiyasi qurulmusdur. Miioyyon edilmusdir ki, likvidus 11 ilkin kristallasma
sahasindon ibaratdir. Sistemin kvazibinar kasiklori yoxdur. BisSes - BisTes, BiSe — BiTe vo
BigSeg — BigTeg politermik kosiklori kvazistabil olub, fasilosiz bark mohlul siralart amalos
gatirirlor. Sistemda bir sira non- Vo monovariant tarazliglar askar edilmis, onlarin tiplari vo
koordinatlar1 toyin olunmusdur.

Giris

Bismut selen vo tellurla bir sira birlosmalor omolo gatirir. Bu birlosmalor
tetradimitobonzor layli qurulusda kristallasirlar, termoelektrik, optik [1-5] vo topoloji
izolyator materiallari [6-10] kimi boyiik maraq kosb edirlor. ©dabiyyat molumatlarinin analizi
gostormisdi ki, Bi-Se vo Bi-Te sistemlorinin faza diagramlarinin molum variantlart bir-birilo
uygun galmir va haqiqi tarazliq halin1 oks etdirmir [10].

Bunu nazars alaraq [11, 12] islorinds, miixtalif Gisullarla tarazliq halina daha da yaxinl-
asdirilmis niimunolorin fiziki-kimyavi tadqiq naticasinds har iki sistemin faza diaqrami daqi-
glosdirilmis vo onlarda bir sira (comi 14) araliq birlosmanin amolo golmasi miisyyan
edilmisdir.

Toqdim olunan isdo Bi, - Bi,Se; - Bi,Tez sisteminin likvidus sathinin todgiginin
naticalari verilir.

Tacriibi hissa

Tadqigatlar aparmaq tigiin Almaniyanin Alfa Aesar firmasindan alinmis yiiksok tomizlik
daracali (99.999%) elementar komponentlordan istifado edilmisdir. Bismutun bir sira selenid
vo telluridlori, hamginin Bi, - Bi,Se; - Bi;Tes sisteminin miixtalif kosiklor tizro Xalitalori
elementar komponentlorin vakuum soraitinds (102Pa) birgs sridilmasi, maye haldan soyuq
suya atmagqla tavlandirmasi vo uzun miiddatli (1000-1200 s.) termiki emaldan kegirilmasi yolu
ilo hazirlanmigdir. Xolitolorin hazirlanma metodikasi [11, 12] —do otrafli verilir.

Termiki emaldan kegirilmis niimunalor differensial termiki analiz (DTA) va rentgenfaza
analizi(RFA) tisullart ilo todqiq edilmisdir.DTA {igiin NETZSCH 404 F1 Pegasus sistemi (10
K/daq) qurgusu, RFA iigiin Bruker D8 PHASER (CuKa siialanma, 260 = 5° -75° intervalinda)
difraktometeri istifads edilmisdir.

Naticalar vo onlarin miizakirasi

Bi, - Bi,Ses - BiyTes sistemi iizro aldigimiz DTA naticalorini, sarhad Bi, - BiSes [11],
Bi, - Bi,Tes [12] vo Bi,Ses - BiyTes [10] sistemlorinin T-x diagramlarini va sistemin barkfaza
diagramimi nozoro almaqgla, emal edorok likvidus sothinin qatiliq tg¢bucag tizarino
proyeksiyasini qurduq (sok.).

Sokildon goriindityli kimi, sistemin T-x-y faza diaqrami 11- ilkin krisrallasma
sahasindan ibaratdir. Sistemin xarakterik cohoti ondan ibarstdir ki, bu sahalordon 10-u miixto-
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lif binar birlosmalor asasinda bark mohlullara aiddir. Homin bark mohlullarin homogenlik
saholorinin ¢ox genis, hotta 3 kosik iizrs fasilasiz-zolaq soklindo olmasi temperaturdan asili
olaraq yalniz maye fazanin deyil, hom do kristallasan bork fazalarin da torkibinin kaskin

doyismasine va kristallasma yolunun ¢ox miirokkab olmasina gatirib ¢ixarir.
Bi %

A1)
C

Bi.Se, 20

40

mol% Bi,Te,
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80 Bi,Te,

Sokil. Bi, - Bi,Ses - Bi,Tes sisteminin likvidus sothinin proyeksiyasi. Ilkin kristallasma
sahalori: 1-a; 2-By; 3-B2; 4-y; 5-8; 6- N1 ;7-¢; 8- @1; 9-12; 10- 2;11-Bi.

Cadval
Bi, - Bi,Ses - Bi,Tes sisteminda non- vo monovariant tarazliqlar
Sok.-do noqto Tarazliq t, °C Torkib, mol %

Vo ya eri Bi, Bi,Ses Bi,Tes
U1 L+ [31<—> o+ Y 603 31 8 51
U, Ltoaoy+p 557 31 5 64
Us L+ d+te 530 65 26 9
U, Lt e ot 384 88 3 9
Us L+ oo 011 02 325 92 1 97
E L & Bitoit ¢ 262 97 0,5 2,5

P]_U]_ L+oa« B]_ 617-603
PoU; L+ B vy 608-603
U.U, Ltaey 603-564
U,P7 Ltao B 564-562
UoPs L+ B vy 564-550
P3Py L+y< & 593-541
P4U3 Lt o m 580-530
PsU; L+niee 556-530
UsP1g L+d<¢ 530-435
PeU4 Lteeo g 469-384
P11U4 L+ N2 392-384
UsUs L& ot 384-325
P1oUs L+ 2 02 332-325
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usE Le oitor 325-262

e1E L & @i+ Bi 267-262

ek L & @t Bi 264-262
Baxdigimiz sistemin basqa bir xiisusiyyati onun kvazibinar kasiklorinin olmamasidir.
Politermik koasiklordon yalnmiz tg¢ii  (BisSes - BisTes, BiSe — BiTe vo BigSeg — BigTey)
kvazistabildir. Onlar sokilds qiriq xatlorlo verilir.

Likvidus sathlori bir-biri ilo bir sira monovariant tarazliq ayrilori ilo vo nonvariant
tarazliq noqtalori ila sarhadlonirlar (sok.).

Sistemdo askar edilon biitiin nonvariant vo monovariant tarazliglarin tiplari, nonvariant
noqtalorin koordinatlart vo monovariant tarazliq ayrilorinin temperatur intervallari codvalds
verilir. Sarhad binar Bi, - Bi,Ses vo Bi, - Bi,Tes alt sistemlori {igtin molumatlar [11, 12]
codvala daxil edilmamisdir.

Codvaldon goriiniir ki, sistemda Sarhad binar sistemlor nazoro alinmadan 6 nonvariant
tarazliq noqtoesi Vo monovariant tarazliq oyrisi vardir.

Maraqli cohat odur ki, ii¢ halda eyni yan sistemin qonsu peritektika ndqtalorindoan (P1 vo
P2; P4 Va Ps; P7 va Pg) ayrilar birlagarok nonvariant kegid tarazliglarinin (U, Uy, Uz ndqtalari)
yaranmasina sobob olurlar. Bu kegid reaksiyalari (codv.) Bi-; mi- Vo Po-bork moahlul
saholorinin mohdud olmasimmi vo miivafiq olaraq o+fit+y, d+etmy vo atPyty lgfazal
sahalarinin yaranmasini oks etdirirlor (sok.).

Qatiliq tigbucagimin bismutla zangin hissasinds U, vo Us kegid, homginin E-dérdfazali
evtektik tarazliglarinin yaranmasi bismut subselenidlori asasinda €, 1,12, @1, ¢2 fazalarinin vo
Bi-un istirak etdiyi heterogen faza sahalorinin formalagma ardicilligini oks etdirir.
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THE LIQUIDUS SURFACE OF THE Bi;- Bi;Se;- Bi; Te3SYSTEM
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In this work, the phase equilibria in the Bi, - Bi,Se; - Bi,Tes system were studied and
the projection of the liquid surface of the system was constructed. It was determined that the
liquidus consists of 11 primary crystallization aras. The quasibinary sections were not found.
The BisSe; - BisTes, BiSe — BiTe and BigSeg — BigTeg polythermal sections are quasistable and
form continuous solid solution series. A number of non- and monovariant equilibria were
found in the system, and their types and coordinates were determined.

ACADEMIC RESEARCH OF HEATING UNIT
BASED ON CLIMATIC AND CHEMICAL FEATURES
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Summary

Key words: innovative research methods, solar collector, energy, heating unit,
chemical and technologic research.

Acgar sézlar: innovativ todgiqat iisullari, giinas kollektoru, enerji, isitmo qurgusu,
kimyavi va texnoloji tadgigat

By using theory and experimental results, as well as obtained design value of the heat
carrier temperatures in the solar collector, the prediction calculations of admissible daily
thermal performance of the unit in the conditions of the climatic zones of republic were
conducted, depending on the month and the area of the solar collector. In this academic
paper have been researched the innovative basis of study of solar water heating unit based on
comparative chemical and technologic materials.
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INTRODUCTION

Dependency of seasonal thermal performance on the solar collectors’ area has also
been calculated.Flat collector consists of metal absorbent in flat rectangular case. The glass
cap at the upper surface and the insulation on the bottom and on each side decreases heat
losses. Atmospheric air presents in the space between the metal absorbent and the transparent
cap.

MATERIALS AND METHODS

In order to install solar system of hot water supply let us calculate the area for solar
collectors, which will be set at the roof of a building. Area of solar collectors F, m is defined
for the “coldest” month (February) according to the following formula [3, 6]:

F= Q/q;, (1)
Q=1.163 N-m(55-t,), @)
a=q’ Nk 77, 3)

Where— daily need of thermal energy, W - h, for hot water supply;

gi— heat flow rate in i-month, W/m*;

N- standard 55°Chot water consumption percept a daily, accepted according to the
standards of design of internal water pipelines of buildings [3, 68].

For average standards of hot water it is recommended accepting minimum standard of 65
| for living houses/(per capita daily);

m= 190 — number of residents;

t,— water temperature ° C, in cold water pipeline in summer period(t,=15°C);

q° — specific heat flow rate, W, falling on 1m?of inclined surface of solar collector [3, 97];

n«— performance of solar collector;

7 — coefficient considering the level of the atmosphere transparency, the value of which
varies from 0.8 in industrial districts to 1 in resort areas;

12 — coefficient considering the losses of heat from solar collector to consumer, the size of
which varies from 0.85 for large centralized systems of hot water supply to 0.98 for local hot-
water heaters.

Based on correlation we define daily need of thermal energy
Q=1.163 - 65 - 190(55 — 15) = 574522 W'h/day.

APPLIED SIGNIFICANCE OF INVESTIGATION

According to the research let us calculate the area of solar collectors:

F = 574522/3722 = 152 m?

Amount of Wp,, kW-hours, of the thermal energy eneratedin solar water heater is
calculated for each mont has follows:

Wn=102%z-¢i-F-5jo -3 )

Where z — number of days in month; 13 — coefficient considering the losses, caused by
non-stationary heat transfer at variable cloudiness (13 =0,9). The design values of the thermal
energy amount are summarized.

In October, at solar intensity of about600 W/m?and environment temperature of about
plusl2 C° the sought temperature of heat carrier during 8...10 min. went down to plus2 C”.
Maximum gap between theoretical and experimental results was equalto2.1 C° which
evidences adequacy of the theoretical model.

In January, at solar intensity of about 400 W/m?and environment temperature of about
minus 4 C°, the heat carrier temperature during §...10 min. went down to minus7 C°. It has
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been stated that here the adequacy of the theoretical and experimental regularity is observed,
where maximum divergence was equal to 2.2 C°.

In March, solar intensity e,~730 W/m°startedincreasing absorbing capacity of the solar
collector, that’s why the heat carrier temperature regarding the environment, did not decrease,
but increased from 3.7 to 9.6 C°. At the same time, the design value of the temperature
amounted for 11.3 C¥, so the divergence was equal to 1.7 C*.

The analysis shows that the difference between the temperature of environment and heat
carrier (4t) in the solar collector, as well as solar intensity do not almost influence the velocity
of the unit starting operation. The main factor, defining the process dynamics is the value of
specific capacity of the heat pump.

The regularity is of parabolic nature where minimum thermal performance is shown in
the period of December — January.

In October and in March thermal performance is the highest, because the atmospheric air
temperature increases together with solar intensity, while the corresponding increase in the heat
carrier temperature in the adsorption tank also leads to fast growth of heat pump performance
coefficient.

Thermal performance increases with the increase in the area of solar collectors due to
the decrease in the depth of the cooled heat carrier and corresponding increase in the
transformation coefficient HT (¢;). However, at the same time the exploitation costs
proportionally increase. The optimal area may beset through comparative technical and
economic calculations.

The calculation results of seasonal thermal performance structural characteristics,
conducted for the conditions of the Almaty and Kostanay regions, are presented at Figure 1,
where the diagrams show the content of the shares in percentage of: solar energy plus heat
from the atmospheric air (Qs+Qz4v) and the heat from the compressor operation (Qn).

The analysis shows that the total share of the absorbed solar energy and heat from the
atmospheric air in the structure of thermal performance during the entire heating season at the
area of the absorbers equal to Sap>1m? exceeds 50%, which evidences total energy
effectiveness of the system.

The unfavorable months are December-January, when the share of the absorbed energy
in the northern zone goes down to 52...54%, while in the south it goes down to 62...64%.
The favorable month are October and March, when in the northern zone the share of the
absorbed energy increases up to 82...86%, while in the south it increases up to 86...87%.

The authors have calculated and built the dependence of seasonal thermal performance
on the area of solar collectors. The obtained regularities show that thermal performance grows
up to 4m. Further increase in the area does not provide the expected results.

CONCLUSION

In the northern climatic conditions average annual performance of well-designed solar
water heating units is usually equal to about 35-40%.

Moderate climate is characterized with the absence of extreme temperatures and
precipitation (rain and snow), and contrast summer and winter. Both in summer and in winter
moderate weather may be very changeable. One day it may be rainy, and then sunny. These
climatic zones are located in the range of 40-60/70° of northern latitudes.

In Madrid, Italy they conducted the performance calculation of 50 m 2 of solar system
for use of hot water and hot water supply. In Cyprus the experiments with a 68 | hot water
tank were conducted, using the data collected during 2 years. In Dublin, Ireland they
compared year-round energetic and economic indicators of two solar water heating units with
flat plates and evacuated trickle collectors working in the same weather conditions.

The results of seasonal thermal performance served the source data at technical and
economical calculations of energy saving technology, where the solar unit is a component.
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_KiMY®VI VO IQLIM GOSTORICILORI 9SASINDA
ISITMO QURGUSUNUN ELMIi OSASLARLA TODQIQi

Xiilaso

Nozori Vo tocriibo naticalorindoan, eloco do giinas kollektoru qurgusunun istilik
dastyicisi temperaturunun gostaricilorindon istifado etmoklo, miivafiq yerli iqlim zonalar
soraitindo giindoalik istilik gostoricilorinin aydan asili olaraq prognoz hesablamalari
aparilmigdir. Elmi oSordo giinos suyu isitmo qurgusunun miiqayisali kimyavi vo texniki
materiallara asaslanaraq tatbiqinin asaslari arasdirilmisdir.

SULARDA RADON iZOTOPLARININ OLCULMOSI
dhmadova V.M. Abdullayeva M.Y.
Azorbaycan Déviat Neft va Sanaye Universiteti, Azorbaycan Respublikasi, Baki

Acar sozlor: Suda radon, radon olgmo cihazlari, aktiv - passiv 6lgmo, niivo iz
dedektorlari.

Keywords: Radon in water, radon measuring devices, active-passive measurements,
nuclear trace detectors.

Xiilasa: Mogalodo sularda olan radon izotoplart haqqinda vo onlarin miixtolif
cihazlarin komayi ilo 6lgiilmasi aragdirilmisdir.

Pe3rome: B craree wmccrmenyroTcsi M30TONBI PajJioHa B BOJAE W HMX HM3MEPEHHE C
TIOMOIIBIO PA3ITMYHBIX YCTPOUCTB.

Abstract: The article examines radon isotopes in water and their measurement with
the help of various devices.

Soth sular1 vo yeralti sular1 miixtalif migdarda radium ehtiva edon torpaglar vo
stixurlar ilo six tomasda oldugundan igmali vo faydali sularda radonun izatoplarinin olmasi
toacciiblii deyil. 222Rn yeralt1 sularda ¢ox yavas harokot edir vo atmosfera ¢ixis1 mohduddur.
Konsentrasiyas1 2-40 Bk/m? arasinda doyisir. Yeralt1 sularda 2Ra konsentrasiyasi 222Rn-don
azdir. Bu iki radionuklid qaya vo torpagin alt tobagolorinds radioaktiv tarazliga daha yaxindir
[1, soh. 209].

Yer qabiginda radioaktiv tobagolorlo tomasda olan yeralt1 sular yeriistii sulara nisbaton
daha ¢ox radioaktivdir. Doniz sularinda radionuklidlorin konsentrasiyasi ¢ox asagidir. Yani
okean vo ya doniz ssthindon yayilan gamma radiasiya doracalori shomiyyastsizdir. Suda radon
konsentrasiyas1 doyari Bk/m? vahidindo verilir. Umumdiinya Sohiyyo Toskilati (UST)
torafindon ilds sudan gotiiriilo bilon doza haddi 0,1 mZv /il olaraq tayin edilir [2].

Birlosmis Millatlor Togkilatinin Atom Radiasiyasinin Tasirlori tizro BMT-nin Elmi
Komitasi, yeriistii sular iigiin tipik 222Rn konsentrasiyasinin 40 Bk/m* -don az oldugunu vo
yeralt1 sular iigiin tipik Rn konsentrasiyasinin 4 ilo 40 kBk / m® arasinda oldugunu bildirir

[3].
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Radon o6lgmoasinds istifado olunan sistemlorin  oksariyysti alfa hissaciklarinin
dlgiilorino asaslanir. Olgmolor miioyyan bir saho vo ya tikililor {i¢iin aparilir.Tok 6lgmo,
davaml1 6l¢gmas Vs inteqrasiya olunmus 6l¢ii metodlarindan istifads edils bilar.

Radonu 6lgmak tigilin aktiv (elektrik enerjisi tolob edon) va passiv (enerjisina ehtiyac
duymayan) olmagla iki asas 6l¢li metodu mévcuddur. Aktiv 6l¢ii metodu elektron sistemlor,
nasoslar, enerji tochizatt kimi cihazlara ehtiyac duyur. Aktiv sistemdo ion otaqglarindan
vaspektroskopik 6l¢ma cihazlari istifads olunur.

Passiv 6l¢gma metodunda termoliiminesans sensorler, alfa-iz detektorlari, seliiloz nitrat,
allil diglikol karbonat vo ya polikarbonat material, aktivlosdirilmis komiir detektorlar1 vo
elektret ion otaqlart istifads olunur.

Radonun havada, torpaqda, suda vo insaat materiallarinda Olglilmasi igiin
laboratoriyada Radosys cihazi ila, Alphaguard cihazi ilo yerinds aktiv 6l¢mo aparila bilar [4].

Cadval 1.
Radon gaz 6l¢mo cihazlar1 vo onlarin xiisusiyyatlori.
Dedektor novii | Passiv/Aktivdir | Olcmo geyri- | Secma vaxti Dayari
miiayyanliyi %
Alfa iz detektoru | Passiv 10-25 1-12ay Asagi
Aktivlosdirilmis | Passiv 10-30 2 -7 giin Asagi
komiir detektoru
Elektret ion | Passiv 8-15 Sgin—1il Orta
kamerasi
Elektron Aktiv ~25 2 giin—1il Orta
inteqrasiya
edilmis cihazlar
Davamli  radon | Aktiv ~1 lsaat—1il Yiiksok
monitorlar

Radon torofindon yayilan alfa hissociklorinin agkarlanmasinda istifado olunan alstlor

Vo tisullar asagida verilmisdir:

Giimiis aktivlosdirilmis sink-sulfat fosfor kimi alfa sintilasiya detektorlari.

Alfa 1z detektorlar1 vo qati hal materiallarinda alfa hissacik izlorini qeyd edon niive iz
detektorlart.

Ya soth bariyeri, ya da diffuz kesismo detektoru, silikon diodlu alfa sintilyasiya
spektrometrlori.

Niivo Iz  Dedektorlar1 ilo radon konsentrasiyasi o6lgmolori miixtolif plastik
materiallardan hazirlanmis filmlordon istifado etmaklo aparilir. Bu metod, plastik 16vhaloro
doyan alfa hissaciklorinin goriinmoz bir iz buraxmasi vo bu izin kimyavi izlorin qirilmasi ilo
boyiidiilmasi Vo mikroskop altinda sayilmasi prinsipina asaslanir. Selliiloz asetat, polikarbonat
vo alil diglikol karbonat kimi plastik materiallardan hazirlanmis niive iz detektorlarindan
genis istifads olunur.

Radosys sistemi, CR-39 passiv radon detektorlarinda radonun radioaktiv ¢iirimasi
zamani ¢ixan alfa hissociklorinin buraxdigi izlori goériinmoys Vo bu izlori mikroskopla
saymaga asaslanir [5, sah. 21-22].

NOTICO

Radon tok insanlara yox, tobiotdoki digor canlilara da neqativ tasirlori vardir. Bunun
qarsisini almaq tiglin radonun otraf miihitds eloco do, suda migdarinin toyin olunmasi ¢ox
vacib masoaladir.

ODOBIYYAT
Air quality guidelines - WHO Regional Publications European Series No 91.
https://www.isgnedir.com/radon-gazinin-tehlikeleri/
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Abstract
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solids

Crystal engineering cover the most recent advances in process-dependent properties of
functional materials, concerning not only correlations between crystal growth process and
characterization, but also growth process design strategy for their enhanced functional and
smart properties to be applied in various type of functional materials exhibiting interesting
optical, electronic, magnetic, catalytic and mechanical properties that offer wide range of their
application in energy, healthcare, electronics, engineering and catalysis. In the past decade,
pharmaceutical cocrystals have demonstrated significant promise in their ability to modify the
physicochemical and pharmacokinetic properties of drug substances, such as the solubility
and dissolution rate, bioavailability, particle morphology and size, tableting and compaction,
melting point, physical form, biochemical and hydration stability, and permeability.
Manipulating on the noncovalent interactions, established in controlled conduction of
processing the solid phases, it is possible to alter the packing motifs that consequently lead to
macroscopic solid phases with modulated properties comparing to native substance.

Introduction

What is the perspective of comprehensive scope of Crystal engineering beyond
Crystallography as a conventional tool for structure determination?

The breakthrough in feasible reactions in organic and organometalic syntheses vyield in
diversity of detected molecular structures for which not always the selected conditions that
determine the Kkinetics of their precipitation would lead to equilibrated state of the
thermodynamically stable solid phase formation, even not serendipity formed solids are with
expected composition. In spite of the contribution of condensed matter physics in elucidating
the correlation between molecular structure and competing magnetic moments, charges,
orbitals which affect physicochemical properties and special performance of solids, the
impact of the thermodynamic and kinetic solubility, that inconsistency control the process of
crystallization of any solid substance into the isolated desirable solid phase, to the entire
profile of the solid phase accounts structural factors relating to packing modes of the
constituents (atoms, ions, neutral molecules or any of combinations). Hence, the role of
crystallography has been extended not only as a tool for crystal structure determination, but
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also revealing the supramolecular structures paves the new concept of crystal engineering.
This retrosyntetic (bottom-up) approach for designing crystals from the resolved structures of
molecules (building blocks) which under the specific conditions of crystallization form
network of assembled crystal structures [1] proves the previously Feymann’s anticipation of
correlation of the material properties with particles arrangements, that aligned to Schmidt’s
claim for how molecular arrangement influences the solid state reactivity, and outlined Jean-
Marie Lehn’s concept of “chemistry beyond molecules”, awarded with Nobel Prize for
Chemistry in 1987. All these achievements, beside the disputed the Maddox’s skeptical
incentive for not being possible to predict crystal structure based on chemical composition,
rely on to much more earlier accomplished Kitaigorodsky principle of close-packing packing
based on molecular shape and size that leads to most stable structure due to which he should
be consider as founder to contemporary approach to Crystal Engineering [2].

Depending on the molecular size, both small sized molecules separately from or together with
their ionized counterparts and large molecular sized macromolecules crystallize into single
component and single phase (e.g. crystalline anhydrous polymorphs, amorphous solids),
stoichiometrically co-crystalized into multicomponent solid phases (either crystalline or
amorphous hydrates/solvates, anhydrated or solvated salts, anhydrated or solvated cocrystals
that apprear as neutral, ionic or zwitterionic cocrystals, all that may exert polymorphism, as
well inclusion complexes) or non-stoichiometrical mixture (solid dispersion, solid solution
and molecular adducts) [3]

The role of intermolecular interaction in structural motifs for molecular recognition and
formation supramolecular structures in Pharmaceutical Cocrystals

In the process of crystallization of organic solids the molecules or ions are assembled in
crystal lattice through robust patterns of intermolecular interactions known as “synthons” that
is kinetically defined structural units which by repeating regularly and extend spatially result
in the growth of the crystalline phase. [4] Hence, synthons, depending on the nature of the
interactions between functional groups and their allocation in the molecules or ions, convey
the essential feature of the molecular structure to crystal structure, thus playing role in
approximation of the whole supramolecular crystal structure.

Exploiting supramolecular synthons is a practical concept with aim to perceive and
understand the design of PCCs. Properties of intermolecular interactions are appreciated in
specific molecular recognition as an outcome of which specific synthons are formed. Process
of molecular recognition is facilitated by balance of chemical and geometrical recognitions
and it is hard to foresee which one might dominate in unknown crystal structure. The concept
of synthon is a qualitative and probabilistic descriptor that relies rather more on chemical
nature of involved molecules then on topological or geometrical parameters. In the process of
deriving a molecular structure based on crystallographic parameters, the strength of H-bonds
in the structure of crystal impacts the topology and chemical nature of the synthons [5].
Whether the crystals will crystallize in single- or multicomponent crystals is enhanced, not
only by the nature of the molecular constituents, but rather on the hierarchy fashion of the
hydrogen bonds formation between potentially complementary functional groups. [6]

A detailed analysis of the hydrogen-bonding intermolecular interactions and packing modes
in pharmaceutical co-crystals containing the API ploroglucinol depicted on Fig 1 indicate that
the phenolic OH groups of the phloroglucinol molecule, which have an acidic character,
readily interact with basic groups, in particular aromatic nitrogens from heterocycle
compounds. [7]
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Fig 1. Motifs of H-bonding interactions between phloroglucinol and N-heterocycles [7]

Moreover, these groups, which in principle can act both as a hydrogen-bonding donor or
acceptor, preferentially form O—H--N interactions whose strength can be reasonably
predicted on the base of the pKa equalization principle. The packing modes of the
phloroglucinol—co-crystals can be rationalized on the basis of the chemical characteristics of
the co-former molecules, such as their size, shape and number of functional
groups.Furthermore, it has been shown that robust supramolecular synthons, such as
amide---amide hydrogen-bonded dimers, can be considered just like unique molecules as far
as the description of the crystalline architecture is concerned.
Conclusion and further perspective for crystal engineering of Pharmaceutical cocrystals
Though the designing the successful cocrystal screening experiments is supported by
strategies for selecting favourable cofomers, the derived models, based on supplementary
synthon strategy [8], the criteria for shape and polarity descriptors [9], lattice energy [10,11]
and statistical analyses for knowledge-based prediction based on prevalence of occurring
hydrogen bonds in relevant conformer structures in CSD [12, 13], so far lack accurate crystal
structure prediction (CSP). Recently, machine learning algorithm based on the molecular
descriptors were tested for guiding the selection of coformers for a particular API in process
of developing cocrystallization screening experiments. [14]
Any possible H/F atom exchange in molecular structure that imply to significantly and
unpredictably altered crystal packing, and additional changes in hydrogen-bonding groups
impact the range of directional bong length within the packing motifs that consequently
modulate the topology of supramolecular solid-state structures that exert tuned
physicochemical properties and bulk performance. In order to meet this purpose, the
development of guidelines that as practical and reliable tool such that the synthetic blueprints
that organic synthetic chemists developed throughout the last century will be advantage for
solid state chemist dealing with functional materials.[15]
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I¢moli mineral sularin radiasiya tohliikasizliyinin qiymotlondirilmasi va qablagdiriimasi
Baxsoliyeva A.A.,Abdullayeva M.Y.
Azorbaycan Dovlot Neft vo Senaye Universiteti, Baki

Acar sozlor: mineral su, radiasiyali su, radioaktiv elementlor, radiotoksikologiya, radon
qazi.

Keywords: mineral water, radiant water, radioactive elements, radiotoxicology, radon
gas.

Xiilasa: Togdim olunan tezisdo Azorbaycan Respublikasinin orazisindo yerlogon igmoli
mineral sularda radiasiya tohliikasizliyi v sularin gablagdirilmasi aragdirilmigdir.
Abstract: The article examines radiation safety and water packaging in drinking mineral
waters located in the territory of the Republic of Azerbaijan.

Suyun canli alomds shomiyyati danilmazdir. Hoyat susuz miimkiin deyil. Biitiin canlilar,
o ciimlodon, insanlar, heyvanlar va bitkilor su olmadan yasaya bilmozlor. Ciinki bioloji
inkisaf hor morhalodo su ilo six tomasdadir [1].

Respublika orazisindo 1000-don ¢ox mineral su bulagi vardir. Bir qayda olaraq, bu
bulaglarin ¢oxu respublikamizin dagliq rayonlarinda yayilmisdir. Diizon rayonlarda tabii su
bulaglarina az rast golmok olar. Buna baxmayaraq buruq qazma yolu ilo mineral sular
cixarilir.

Geoloji vo geokimyavi soraitin xiisusiyyoti ilo olagedar olaraq bozi erazilorin yeralti
sularinda radioaktiv elementlor olur. Sularda on c¢ox yayila bilon radioaktiv moansali
elementlordon radon qazini gostormok olar. Malum oldugu kimi, radon qazinin sularda olmasi
miialicovi xiisusiyyatini yliksoldir. Tobiotdo radonlu sulara nadir hallarda rast golinir.
Azorbaycan soraitinds iso bu cohatdon Kalbacor vo Lacin rayonlar: diggeti calb edir. Bagirsaq
(Kalbacoar rayonu) adlanan mineral sular radonlu mineral sularin an parlaq ndviidiir. Bundan
basqa, Daridag vo Qahab (Nax¢ivan MR) sularinda da az miqdarda radon qazinin olmasi
bollidir. Tobiotdo radioaktiv sularin omolo golmosi onlarin ¢ox yavas siiziilmosi ilo
olagodardir. Sular ¢atinlikls siiziilorss, onlarda radioaktiv vo radon gazinin toplanmasi {igiin
sorait yaranir.

Minerallasmaya malik sularda sulfatin miqdar1 20, bazi hallarda 30 mq-ekv/l-o qadoar,
Xloridlorin miqgdari - 30-40 mg-ekv/l, ayri-ayr1 yerlordo 54 mq-ekv/1 togkil edir. Mineral sular
-Yer qabigmin miixtolif dorinliklorinde miivafiq geoloji sortlorls tabii omals golon vo yerin
sothino bazon 6z-6ziino, bozon do texniki metodlarla ¢ixarilan isti vo ya soyuq yeralt1 sulardir.
Tabii strukturunda karbon qazi ve radioaktiv elementlor olan mineral suda an az1 1000 mq/l
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holl olunmus minerallar vo elementlor mdvcuddur. Umumi minerallasmanin artmasi ilo
sularin kimyavi torkibindo N, F, As vo Mo kimi mikroelementlorin miqdar1 da artir.
Respublikanin sirin vo az minerallasmis yeralti sularinda Mn, Fe, Cu, Mo, U, Ra-226 vo Sr-
90-nin miqdar1 Ddvlot standartlarinin tolabatlarina uygundur, Be, nitrat, F, Zn, Mo, Sr, S-n
miqdar1 iso geyri-uygundur. Torkibindo radiaktiv maddsler olan su - radiasiyali su adlanur.
Tobii mineral sularda radiasiya fonu siini sokildo radiaktiv maddslorlo ¢irklondirilmis su
monbolarindon xeyli asagidir [2].

Qablagdirilan igmoali su (QIS) — miioyyon hacmli gablara doldurulmus igmali su olub,
ohaliyo ticarat sobokasi vo ya fovgolado voziyyatdo xiisusi hoyat tominat1 xidmaotlori vasitasilo
catdirilir. Qeyd etmok lazimdir ki, gablagdirilan igmali suyun keyfiyyotino olan tolabat adi
igmoli suyun keyfiyyotino olan tolabatdan forqlonmir. Normativ sonadlora gors, igmoli su
epidemioloji vo radiasiya cohatdon tohliikasiz, kimyavi torkibino goére zararsiz, organoleptik
keyfiyyotino goro iso gonaotboxs olmalidir. Bu zaman keyfiyyoto miitloq nozarot 3
mikrobioloji, 7 imumilosdirilmis, 25 qeyri-lizvi vo {izvi sanitar-gigiyenik vo organoleptik, 2
radioloji gostaricilor tizrs aparilir.

Radiasiya tohliikosizliyini xarakterizo etmok iiciin alfa vo betta radiasiya
gostaricilorindon istifado olunur. Radiasiya fonu - kosmik slialanmanin sudaki, torpaqdakai,
hava vo otraf miihitin diger obyektlorindoki radioaktiv izotoplann miqdarmnin insan vo digor
orqanizmlor {iglin zoror vermoyon ionlagsmis radiasiyanin tobii derocosini xarakterizo edir.
Radiotoksikologiya - toksikologiyanin radioaktiv maddalorin orqanizmin daxilino diisdiikdo
stialanma zadosinin dyronon bolmasidir [3].

Natico

Radioaktivlik soviyyasinin suda artmasi canli kiitlonin radiasiya va ionlagdirici stialarin
tosiri ilo deqradasiyasina sobob olur. I¢moli mineral sularin torkibindoki radioaktiv
maddalorin, radionuklidlorin, agir metallarin miqdarinin  miioyyon edilorok onlarin
radiotoksikoloji tosirlorinin aragdirilmasi miihiim ochomiyyast kosb edir.
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3.V.Rohimov,T.Isgandarova,"Radiasiya Ekologiyas1",Bak1,2012,447s. soh. 15-20.

ISGALDAN AZAD OLUNMUS ORAZILORDO YERLOSON CIRKLONMIS SU
HOVZLORININ AGIR METALLARDAN SORBSiON USULLA TOMIiZLONMOSI

Abdullayeva K.S., Ismayilova R.O., Qastmov F.

Azarbaycan Déviat Neft va Sonaye Universiteti, Azarbaycan, AZ1010, Baki, Azadliq pr. 20.
e-mail:abdullayeva-1974@inbox.ru

Acar sozlar: tobii ehtiyatlar, mis-molibden yataglari, ¢irklonma, sorbsiya,
xelatomalagalma, sorbent

KarueBble cii0Ba: MpHUPOIHBIE PECypChl, MEIHO-MOJIHOICHOBBIE MECTOPOKIACHHUS,
3arpsA3HeHue, copoIus, XeIaTupoBaHue, COPOCHT.

Key words: natural resources, copper-molybdenum deposits, pollution, sorption,
chelation, sorbent.

Isgaldan azad olunmus orazilorin hazirki ekoloji durumu cox boyiik ¢otinliklorls
uzlosmisdir. Bu arazilora 1990-c1 ildo nazarat edon Ermanistan oradaki ekoloji vaziyyati har
zaman osdon gizlodirdi vo ona gdéro homin voziyyst haqqinda yalniz timumi fikirlor
s6ylomok miimkiin idi. Malumdur Ki, arazinin tabii elementlori bir-biri ilo garsiligli slagads
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olurlar va onun bir elementinds bas veran doyisiklik zoncirvari sokilda digorlarine otiiriiliirdii.
Monitoringlor aparilarken aydin olmusdur ki, baslangicini Tiirkiyadan gétiiron Araz vo Kiir
caylar1 osason orta aximda ¢irklonmoys moruz qalir ki, bu da Giircilistan vo Ermonistan
arazilaring tosadiif edir. [1-2]

Otraf miihitin kimyoavi tullantilarla ¢irklonmosi, digor torofdon, texnika va
texnologiyanin yeni istigamotlorinin inkisafi, istehsalin miiasir soviyyasi, Sonaye
obyektlarinds va elaca do atraf miihit obyektlorinds bir sira maddslorin, o climlodon miivafiq
maddolarin torkibinds metal ionlarinin mikromiqdarlarinin tayinini talob edir. Bu mogsadlo
yiiksok analitik xarakteristikalar1 ilo se¢ilon metodikalarin islonib hazirlanmasi problemi 6z
aktualligini itirmir.

Tobiidir ki, miirokkob torkibli real sistemlordo metal ionlarinin mikromiqdarlarinin
toyini vo tomizlonmosi zamani imumi prosesin ilkin, zoruri morholosini ayirma vo
qatilasdirma proseslori toskil etmolidir. Oziiniin xarakterik iistiinliiklorino goro qatilasdirma
metodlart arasinda sorbsion metod xiisusi yer tutur. Bu metodda istifado olunan sorbentlor
icarisinda xelatomalogatirici polimer sorbentlor 6z spesifikliyi vo effektliliyi ilo segilirlar. [3-5]

Bu baximdan mixtolif real sistemlordo mikrokomponentlorin ilikin qatilagdirma
moarhalasi kimi sorbsiya marholasinin do daxil oldugu kombins edilmis toyinat metodlarindan
istifado edilmasi xiisusi aktualliq va shamiyyat kasb edir.

Sorbsiya selliiloz-kagiz, kimya, neft-kimya, toxuculuq vo digor sonaye sahalori
miiassisalorinin axintilarini hall olmus tizvi maddalordan dorin tomizloms isullar igarisinda
on effektiv tisullardan biridir. Sorbsion tomizlomo ya sarbost, ya da bioloji tomizlomas tisulu
ilo birgo totbiq oluna bilor. Bu dsulun istinliklori ondan ibaratdir ki, bu iisiilda
coxkomponentli garisiqlarin maddoalorinin adsorbsiyas1 miimkiindiir, hamginin qatilig1 az olan
axintt sularin tomizlonmosindo yiiksok samaraliliys malikdir. Sorbsion isullar sonaye
axmtilarindan giymotli maddolorin ayrilmasi ti¢iin ¢ox samorali {isuldur. Bundan basqa bu
tsullarin stiinlityli bir do ondadir ki, ¢ox yiiksok dorocodo tomizlomo getdiyono goro
tomizlonmis suyu su tochizati sistemina vermak olur.[6]

Dagliq Qarabag orazisindon kegon caylar qonsu respublikalardan Ermonistanin Qafan
mis-molibden yataqlarindan Boxgugaya axidilan zororli gaylar1 ilo zohorlanir. Istor torpagda,
istarsa do suda molibdenin artiqhigi canli orqanizma Vo eyni zamanda bitkilora toksiki tosiri
cox yiiksokdir. ©dobiyyat materiallarinin arasdirilms1 gotorir Ki, molibdenin torkibinds N,
O,S atomlar1 olan sintetik sorbentlorlo daha davamli xelat komplekslor omalo gotirorok
suyun torkibindon ayrilir. Xelatomologatirici polimer sorbentlorin digor tip sorbentlordan
xarakterik forgi polimer matrisada mohluldaki metal ionlari ilo Xelat tsikllori amolo
goatirmoklo qarsiligh tesirde olmag gabiliyystine malik kimyavi aktiv qruplarin olmasidir.
Bu gruplar polimer matrisaya ya kimyavi modifikasiya yolu ilo daxil edilir, ya da polimer
sorbentin sintezi prosesindo omolo golir. Xotti quruluslu polimer matrisalar osasinda
alinmig xelatomoalogatirici sorbentlor yiiksok sorbsiya tutumuna malikdir.Bu sorbentlarin
sintezi zamani aktiv qruplarin tam g¢evrilmasing, hamginin metal ionlarin sorbsiyasini
yaxsilagdiran ligandlarin olverisli diiziiliisti ilo sortlonir.

Molibdeni farglondiran cohatlordon biri onun mohlullarda miixtalif ion soklinds olmasidir.
Bu xtiisusiyyot elementin miixtalif sintetik sorbentlorlo reaksiyaya girma gabiliyyatino eyni
zamanda alinan mohsullarin torkibins boyiik tosir gostarir.[7]

adsorbent
girklanmis + el tomizl. su
— L
su - L] ) )
1 islanmis
adsorbent

2
Sokil 1. Adsorbsiya qurgusu
1- qanigdiric1;  2- ¢okdiiriicli



Yuxarida gostorilon sxem iizro sorbsiya prosesini aparmaq tUgiin sorbsiya filtri
sorbentls 3,2 m hiindiirliikds yiiklonir, suyun siiziilmo siirati 2,5-3 m / saat, donacik ol¢iisii
0,14-2 mmdir. Sorbsiyada istifads olunan sintetik sorbentin yuyulma intensivliyi 7-14 |/
m?-dir. Yuma miiddati 8-10 dogigodir. Vo filtr omaliyyati zamani temizlonir. Sorbsiya
tarazligi 24 saat davam edir. Regenerasiyadan ovval sorbsiya tiigiin istifado olunan
sorbentin istismar miiddoti 4-5 giin arasindadir. Sorbsiyada istifado olunan sintetik
sorbentin barpasi ikinci marhalada siiziilmoadon sonra 15 mq / I-don ¢ox oldugda hayata
kegirilir. Metal ionlarinin sorbentlarlo kompleksomalogalms reaksiyasi tarazligina tosir edon
miithiim amillordon biri maye fazada hidrogen ionlarinin qatiligidir. Bu onunla sortlonir ki,
elementlorin ayrilmasi, qatilasdirilmasi v toyini tiglin totbig olunan oksor tizvi reagentlor vo
xelatomaloagatirici polimer sorbentlor zoif tursu xassali birlogsmalordir. Yoni, pH-dan asili
olaraq makromolekullarda ionlasmis vo ionlasmamis funksional qruplarin miqdar nisbati
doyigir. Homginin, pH-in qiymatindon asili olaraq metal ionlarinin mohlulda voziyyati
miixtalif olur. Belalikls, har bir konkret halda metal ionunun sorbent torafindon sorbsiyasi
maye fazanin pH-nin qiymatinin miioyyon intervalinda maksimumdan kegir.

Molibden ionlarinin optimal sorbsiya pH-nin qiymoti (pHop) eksperimental dsulla
sorbsiya daracasi ilo hidrogen ionunun gatiligi (pH 0-10) arasinda qurulmus qgrafiki asililigdan
toyin edilmisdir. Tam ayrilma daracasi 93-95% olur.
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Sakil 2. Elementin sorbsiya daracasi (R) ilo
mohlulun pH-1 arasinda asililiq ayrisi

Natico

Molibden(VI) ionlarmin qatilasdirilmast ticlin  torkiblorindo tiosemikarbazid; p-
aminofenol;m-aminofenol;p-amino salisil tursusu;tiokarbamid, 4-amino tiourasil; 2,4-diamin-6-
fenil-triazin 1,3,5;p-fenilendiamin; p-amino benzoy; o-aminoarsenat tursusu fragmentlori
saxlayan miixtolif matrisalarla modifikasiya edorak xelatomologatirici polimer sorbentlor sintez
etmok vo sorbsion tisuldan istifado edorok agir metallarin tomizlonmosinds istifado etmak olar.
Agir metallardan Mo ionunun sorbsiyasi aparilmis vo torkibinds p-amino salisil (sorbsiya tutumu
549 mq/q), 4-amino tiourasil salisil (sorbsiya tutumu 496mgq/q), vo p-amino benzoy tursusu salisil
(sorbsiya tutumu 511 mq/q) fragmentlori saxlayan sorbentlor daha effektivdirlor.
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ISGALDAN AZAD OLUNMUS ORAZILORDO YERLOSON CiRKLONMIS SU
HOVZLORININ AGIR METALLARDAN SORBSIiON USULLA TOMIiZLONMOSI

Abdullayeva K.S., Ismayilova R.D., Qasimov F.

Xiilasa: Sularin tomizlonmasi iigiin an alverisli tisullardan biri sorbsiya tlisuludur.
Sorbsion iisullar sonaye axmtilarindan qiymoatli maddslorin ayrilmasi ii¢iin g¢ox samarali
tisuldur. Bundan basqa bu isullarin Gstiinliiyli bir do ondadir ki, ¢ox yiiksok doracads
tomizloma getdiyino gora tomizlonmis suyu su tachizati sistemina vermak olur.

COPBECHOHHAS OUNUCTKA 3ATPS3HEHHBIX BOJJHBIX BACCEMHOB B
TAXKEJIBIX YCJIOBUAX OT TAXKEJBIX METAJIJIOB

Pezrwome:1losToMmy oHUM U3 Hanbosee YIOOHBIX METOJOB OYMCTKU BOJBI SIBISETCS
copOrmoHHbI MeTol. CopOLMOHHBIE METOJBI - 04eHb (P(EKTUBHBIA CIIOCOO OTIEICHHS
[IEHHBIX BEHIECTB OT MPOMBIIUIEHHBIX CTOKOB. KpoMe TOTro, NpenMymiecTBOM OJTHX
METO/IOB SIBISIETCA TO, YTO OYHINEHHas BOJa MOXET OBIThb MepelaHa B CHCTEMY
BOJOCHA0XEHUS 32 CUET BHICOKOTO YPOBHS OUMCTKH.

SORPTION CLEANING OF CONTAMINATED WATER BASINS UNDER
HEAVY CONDITIONS FROM HEAVY METALS

Abdullaeva K.S., Ismailova R.A., Gasimov F.

Summary:Therefore, one of the most convenient methods of water purification is
the sorption method. Sorption methods are a very effective way of separating valuable
substances from industrial effluents. In addition, the advantage of these methods is that
the treated water can be transferred to the water supply system due to the high level of
purification.

RADIOCOLOGICAL PROBLEMS OF SOIL CONTAMINATED WITH NATURAL
RADIONICLIDES

Abdullayeva M.Y.,Bagirli F.M.
Azerbaijan State University of Oil and Industry

Key words: natural radionuclides, uranium, radon , radioactive contaminants.
Summary:Concentration of natural radionuclides in the soil and its impact on the
environment. These materials can be developed at a high level thanks to technology and
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people. Thus, the average radioactivity of these radionuclides sometimes exceeds the level of
excretion at 10,000 Bq / kg. The level recommended by the IAEA is 10000 Bq / kg. Natural
radioactive substances in the oil and gas industry create a higher level of radioactivity, which
can bring risk to the environment and health. This requires constant monitoring and control
during processes in the oil industry.

Pe3rome:Coipass HedTh, €€ MNPOAYKTHI M OTXOAbI SIBJIAIOTCA OJHUM H3 BaKHEHIIMX
HCTOYHHUKOB E€CTECTBEHHBIX PAJMOAKTHBHBIX MaTepHAIOB. OTH MaTepUalibl MOTYT OBITh
pa3paboTaHbl Ha BBICOKOM YpOBHE Oyiarofapsi TEXHOJOIMSM M 4eloBeKy. Takum oOpazom,
CpelHsAs PAJUOAKTUBHOCTh ATHX PAJUOHYKJIMIOB HHOTAA IIPEBBILIAET JOIYCTHUMYIO
BEIIMYMHY. YPOBEHb, PEKOMEHIOBAaHHBbIH MEXIyHAapOAHBIM AareHTCTBOM I10 aTOMHOMH
sHepruu, coctasisger 10000 bk / xr. [IpupoaHbie painoakTUBHbIE BEIIECTBA B HEPTETra30BOM
OTpaciu Co34al0T Oosiee BBICOKMHM YpPOBEHb DPaJHMOAKTUBHOCTH, YTO MOXKET IPEJCTaBIATh
OTMACHOCTb JJISI OKPYKAIOIIEH CPeJibl U 3J0POBbs. ITO TPEOYET MOCTOSIHHOTO MOHUTOPUHTA U
KOHTPOJISI BO BPEMsI PYTHHHBIX IPOLIECCOB B HEPTAHOM MPOMBIIIIICHHOCTH.

Xiilasa: Xam neft, onun mohsullar1 vo tullantilari, tobii olaraq meydana golon radioaktiv
materiallarin on vacib manbalorindan biridir. Bu materiallar texnologiya va insan sayasinds
yiiksok saviyyadas inkisaf etdirilo bilor. Belaliklo, bu radionuklidlarin orta radioaktivliyi bazon
icazo verilon miqdardan g¢oxdur. Beynolxalg Atom Enerjisi Agentliyinin tovsiyo etdiyi
saviyys 10000 Bq / kg-dir. Neft vo gaz sonayesindoki tobii radioaktiv maddslor otraf miihito
Vo saglamliga tohliiko yarada bilon daha yiiksok radioaktivlik yaradir. Bunun {igiin neft
sonayesinds fasilosiz proseslor zamani daimi monitoring va nazarat talob olunur.

Currently, various environments suffer from the accumulation of radioactive
contaminants. Radionuclides decompose naturally and pose a danger. These samples include
2°Ra, *®Ra, %’Rn, %D, “°K, and so on. decay with other man-made radionuclides. Naturally
occurring radioactive sources cause 80% of human exposure to radiation. Most radionuclides
are found in the uranium and thorium chains. Therefore, many non-nuclear industries are
forced to take radiation protection measures. Some radionuclides occur naturally in the
environment and are either cosmogenic or terrestrial. 3H, 10Be, 14C, 26Al, 39Ar are the main
radionuclides formed after the interaction of atmospheric gases with cosmic rays. The most
important surface radionuclides are 22U, %*Th and 40K. The world average for soil activity is
22%Ra, *2Th and *°K, respectively® Bq / kg, *° Bq / kg and*?® Bq / kg. [1]

The origin of natural radionuclides is associated with the formation of the planet. Thus,
their presence can not be called pollution. On the other hand, anthropogenic activities related
to the development and multifaceted use of nuclear energy have become an important source
of pollution. Since the middle of the last century, radioactive contamination has been caused
by the release of artificial radionuclides, making ionization radiation one of the other
environmental factors, causing physical, chemical and biological degradation of soils. Despite
the rare radioactive contamination of the environment, radioactive contamination requires
great attention due to the extremely destructive effects of ionizing radiation on living tissues.

[2]

Radioactive waste is classified according to the level of radioactivity (low, medium,
high) and the life of the predominant isotope. Radionuclides with activity t 1/2 <30 years are
preferred in short-term wastes, while long-term wastes are preferred t is determined by
isotopes of 1/2> 30 years. [3]

Causes accidental release of radionuclides during processing, separation, transportation
and disposal of radioactive waste. Another major source of radionuclide contamination of the
soil is nuclear weapons, which began in the United States in 1945, especially atmospheric
tests. Between 1945 and 1980, the capacity of US atmospheric tests (428 megatons) was
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about the size of about 29,000 Hiroshima bombs. Atmospheric experiments produce
radioactive substances of various sizes that divide in the troposphere and strotosphere, and
these particles precipitate for up to 1 year or longer. [4]

Contamination of soil with radioactive contaminants is a source of danger not only to
the environment and health, but also to the economy. The use of nuclear energy is a major
source of pollution. Radiation can affect the processing of radioactive waste and the
environment at any stage of the nuclear fuel cycle, starting with the drilling of uranium ore
and the production of nuclear fuel, recycling. The average uranium concentration in the
Earth's crust is 2.8 mg / kg. It is surrounded by variable concentrations of radionuclide oxide,
silicate, arsenate, vadanate and phosphate minerals. [5]

Today, almost half of the world's uranium production is done by on-site recovery, with
most mining operations in the United States, Kazakhstan, and Uzbekistan. On-site recovery is
the most cost-effective method for uranium extraction. Related risks include contamination of
drinking water with uranium and other heavy metals.

Currently, about 60,000 tons of uranium ore is produced annually to fuel more than 430
nuclear reactors, which produce about 1/8 of the world's electricity. Natural radioisotopes are
found in various concentrations in the oil and gas industry. In certain production and
processing facilities, these isotopes accumulate and lead to increased radioactivity. [6]
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KARBON MONOOKSIDIN ZORORSIZLOSDIRILMOSI UCUN OLVAN VO NADIR
METALLAR OSASINDA KATALITIK SISTEMLOR

Moalikova I.H., Babayev E.M., Musazada K.$., Salahli A.M., Sixlinskaya T.O.,
Riistamova C.T., Ofandiyeva X.A.

Azarbaycan Milli EA-mn akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu; AZ
1143 Baki, H.Cavid pr., 113. e-mail: iradam@rambler.ru

Acar sozlar: katalizator, tizvi birlosmoalor, katalitik sistemlor, monooksit.

Keywords: catalyst, organic compounds, catalytic systems, monoxide.

Knrwouesvle cnoea: xamanuzamop, opeaHuyeckue COeOUHeHUs, KamaiumuiecKue
cucmembvl, MOHOOKCUO.

Ik dofo nacib metal oksidlori olmayan yeni tipli katalitik sistemlor hazirlanmis va
islonmis qazlarda karbon monoksitin tam neytrallasdirilmasi  vo diger ugucu
karbohidrogenlorlo dorin oksidlosmo prosesi tigiin istifado imkanlar1 gostorilmisdir.
Gostorilmisdir ki, CO vo CzHg-nin oksidlogsmasi {igiin oksigenin yiikksok migdarinm 1:20-20
mol nisbatinds olmasi talab olunur
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Bildiyimiz kimi kegan asrin ikinci yarisindan bari sonaysnin oasasonds neftayirma,
metallurgiya, neft kimyasi homginin avtomobil sonayesinin inkisafi otraf miihitin hodsiz
doracado cirklonmasine sobab olur. Indiki dévrde bozi inkisaf etmokdo olan eyni zamanda
inkisaf etmomis Olkalarin zaif texnologiyalarinin olmasi sobabindan orada yerlason sanaye
morkazlori otraf miihitin asas ¢irklondiricilaridir. Qeyd etmok lazimdir ki, straf miihito atilan
toksiki gqazlarin ¢ox miqdart metallurgiya vo istilik-energetik morkazlorinin homginin son
dovrlards avtomobil nogliyyatinin inkisafi ilo slagodar olarag bu sahanin payina diisiir.

Otraf miihitin ¢irklonmosi (atmosfer, su, torpaq, qida) todqgigati hazirda xiisusi
ohomiyyat kasb edir, ¢iinki diinyada ¢irklonma ilo alagali xastoliklorin say1 xeyli artmigdir.

Atmosferin ¢irklonmasinin asas monbolarindon biri do bildiyimiz kimi noqliyyat
vasitolordir. Artiq bir ¢ox inkisaf etmis Olkolords tobii resurslarin qonastlo istifado edilmosi,
habelo otraf miihitin miihafizosi mogsodilo Avro standartlarmma kegilmisdir. Atmosferin
cirklonmosinin garsisinin alinmasi vo tobii sorvatlordon somorali istifads edilmasi mogsadi ilo
enerji effektivliyini tokmillosdiron texnologiyalardan, habelo davamli enerji monbolori kimi
alternativ enerjidon (kiilok, giines, biogaz, biokiitls, geotermal, hidroelektrik) istifado genis
miqyas almisdir.

Bildiyimiz kimi karbon monooksidin va zsaharli tizvi birlosmalarin zararsizlosdirilmasi
ticlin asason platin, palladium, qizil, glimiis torkibli katalizatorlardan genis istifads edilir. Bu
proseslor ti¢iin gostarilon adabiyyat materiallarinda asasan TiO,, Al,O3 gotiiriilmiis vo bunlar
karbon-qrafit materiali “sibunit” {izorina ¢okdiiriilmiis bu zaman Au, Pt, Pd, Pt-Pd, Pt-Ru, Pt-
Cd sistemlarinin asasan avtomobillorin istifads edilmis zoharli qazlarinda CO-nun va basqa
birlosmalorin tomiz istifados olunmusdur. Homginin, tullanti gazlarinin tarkibinds olan CO,,
H,O -nun istifado olunan katalizatorlarin aktivlosmasine tosiri otrafli dyronilmisdir. Eyni
zamanda CO-nun hidrogen soraitinds oksidlosmasinds ham Katalizatorun aktivliyi, hom do
onlarin tasiri 6yronilmisdir. Homginin, bu prosesds istifado olunan dasiyicilarin Al,O3, TiO,
Vo s. xiisusi sothlorinin olmasi beloki, 100-200 m2/q olmasi diggotdon yaymmir. Homin bu
katalizatorlarin istiraki ilo oSason asagi temperaturlarda 512-612 K-da CO -gevrilmasinin 90%
toskil edildiyi miiayyan olunmusdur. Eyni zamanda alds olunan Pt, Pd katalizatorlarinin ham
aktivliyinin, ham do islonmo miiddotinin artirilmasi {igiin Zr, Th oksidlorinin dasiyicilari
izaring asasan Pt vo Pd-un duzlarinin mohlullarini alava edarak istifads edirlor. Homginin onu
da geyd etmok lazimdir ki, katalizatorlarin aktivliyinoe onlarmn alinma iisullarida tosir gostorir.
Dastyict {izorino asasan platin grupu elementlorindan birinin vo Re birlosmasi duzlarinin
mohlulu olavo edilir. ©ldo edilmis sistemin {izorino termiki islomoadon sonra Pd, Pt, Os
duzlarinin mohlullar1 olave edilir vo hamginin atmosfer soraitindo termiki par¢alanmaya
buraxilir. Dastyicinin sathins olavs edilon elementlorin yaxsi paylanmasini hoyata kegirmok
ticin Al,O3 tizorino Pt, Pd -un xlorid tursularinin moahlulunu hamginin CeO; alavo edilir vo
prosesds rentgen tisulu ilo paylanmani 6yronmislar [1-3].

ZnSe-CdTe sisteminin ikili vo coxkomponentli yarimkeciricilorinin katalitik aktivliyi,
tozlar va nanoplanmalar soklinds alinmis, Co oksidlogsmasi zamani impuls vo dovriyys-axin
metodlart ilo todqiq edilmisdir. Maksimal konversiyanin sartlori reagentlorin genis temperatur
diapazonunda fordi vo birgo adsorbsiyasinin todqigi naticesinde mioyyan edilirdi,
katalizatorlarin xiisusi aktivliyi iso verilmis temperatur Vo reaksiyanin torkibi zamani xiisusi
reaksiya doracasi ilo miioyyan edilirdi. qarisiq. Tadqiq olunan yarimkegiricilords (78,5% - o
godar) CO-nun nozaragarpacaq katalitik ¢evrilmoasi artiq otaq temperaturunda qeydo alinib.
Belo gonasts goalinib ki, Co + O, qarisiginin oksidlogsmasi Vo adsorbsiyasi asason toqqusma
mexanizmi lizra bas verir. Qeyd olunmusdur ki, todqiq olunan katalizatorlarin yiiksok foalligt
artiq otaq temperaturunda (an yiiksok aktivliya bark mohlul malik idi (ZnSe)0,05(CdTe)0,95)
Vo onlarm torkibindo bahali metallarin olmamasi onlar1 asagi temperaturlu, nisbaton ucuz
giymaotli neytrallagsma katalizatorlar1 (karbon monoksid) kimi tovsiyos etmoya imkan verir [4-
6].
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Karbohidrogenlarin va onlarin bazi téromalarinin Ni, Co, Fe, Cu, Mn, V, P, Cr, Mo
kimi oksidlorin istiraki ilo oldo edilmis katalizatorlardan istifado olunmagla selektiv
oksidlosma proseslorinin aparilmasi artiq moalumdur. Homginin selektiv oksidlosma ilo
barabar hom ilkin karbohidrogenlarin, hom do son mohsullarin gisman va ya doarin (CO va
CO; kimi) oksidlosmasi do bas verir. Buna asason doarin oksidlogsmo katalizatorlar1 kimi metal
osasinda oldo edilmis katalizatorlar istifado edilir. Osason Katalizatorlar doyiskon valentli
metal oksidlari vo metal asasinda sintez olunarkon katalizatorlarin aktivliyinin asason metalin
oksidlogsma daracasindon asili olaraq doyismasi asas masaladir. Katalizatorlarin tizorinin bazi
metodlarla vo olavalorlo (modifikator, promotorlar) tonzimlonmosi do oasas halledici rol
oynamaqdadir.Eyni zamanda forqli dastyicilar tizarino bu oksidlorin miixtalif metodlarla slava
edilmasi dasiyicilar ilo oksidlor arasinda qarsilighh six olagenin omolo golmasi, bazi
promotorlarin miqdari, bir ¢ox oksidlarin birgo tesiri vo basqa digor amillari do noazords
saxlamaq miihiim masalalordandir. Bu katalizatorlarin ¢oxu hamginin azot oksidlarinin do
zorarsizlosdirilmasi ti¢iin istifads edilirlor.

Olvan metallar saxlamayan katalizatorlardan karbon monooksidin
zorarsizlosdirilmasinds ¢ox genis istifado olunani mis oksidi (CuQO) asasinda olda edilon
sistemlordir. CuO -in olmasi bu katalizatorlarda vacib aktiv komponent hesab edilir. Belo
sistemo homginin basqa alavalor edildikds, buna misal olarag Mn, Fe, Co, vo yaxud vanadium
cox yiiksok naticalar gostora bilirlor. CO-nun ¢evrilmasinda Al,O3 sathina ¢okdiirmakls aldo
edilmis belo katalizatorlar 90%, oksigen istiraki ilo NO-nun isa 90-93% g¢evrilmasine 675-
705K temperaturda hoyata kegirmays imkan verir. Sonaye qaz tullantilarinda vo avtomobil
yanacaqlarinin torkibindom bir ¢ox tizvi bilosmolorin, o climlodan izopropil spirtinin,
asetonun, benzolun, monoxlor va dixlorbenzolun méveud oldugunu nozoro alaraq diger
karbohidrogenlorlo yanast onlarin  oksidlosma proseslorinin  Gyronilmosi  ¢ox vacib
problemloardan hesab olunur. Senaye tullantilarindaki qatiliglara yaxin olan qaz qarisiglarinin
katalitik sistemlar tizorinds oksidlosmasinds an yaxsi naticalori V-P—O/Al,03 + CuO+Cr,03
katalitik ~ sistemlor  gostormigdir. Bu  katalitik  sistemlorin  oksigen  miihitindo
karbohidrogenlorin CO-nun konversiyasini tomin etmoklo NO—N, konverisyasina tasiri
Oyranilmigdir. Alinmis naticalor cadval 1-do verilmisdir.

Cadval 1.

Katalitik sistemlorin sathinds oksigen miihitindo NO-nun CO vo karbohidrogenlorlo
rediksiyasi

Katalitik sistemlor T,K |[V,s? Konversiya, % NO-nun N; | CO:CxHy:NO
(6{0) CsHg | C4Hg | konversiyasi
V-P-0O/Al,O3 +| 653 | 8000- | 100 98 97 — 1:6:0
CuO+Cr,03 10000 | 97 92 92 40 1:6:0.5
97 84 92 20 1:6:1.0
95 80 80 22 1:4:1.0
V-P-0O/ZSM-5 + | 713 | 10000 | 98 9690 | 94 - 1:6
CuO+Cr,03 95 86 90 26 1:6:0.5
95 85 30 1:6:0.5
ZSM-5+Zn 713 | 10000 | 95 80 76 60 162:1
ZSM-5+Zn+Cu+Cr | 713 | 10000 | 96 90 90 - 1:6:0
96 86 85 60 1:6:0.5
95 85 84 70 1:6:1.0
95 82 80 80 1:4:1.0
ZSM-5+Sn+Cu 753 | 18000 | 100 60 50 85 1:0.2:0.5
ZSM-5+Cu+2Zn 773 | 80000 | 100 60 50 85 1:0.2:0.5
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Son dovrlarda Zn, Cr, Co, Ni, Mo oksidlarindon oldo edilmis katalizatorlar daha ¢ox
diggat ¢okir. CO-nun oksidlosmasinin daha g¢ox siiratlonmasino sabab osason kobaltit vo
xromitlordon ibarot daha aktiv fazalarin yaranmasi gostorilir. C;-Cskarbohidrogenlorini do
homginin belo tip katalizatorlarin eyni zamanda xromitlor Cr(2+) vo koboltitlorin Co(2+),
Cu(2+), Ni(2+), Zn olmasi ilo oksidlosdirir. Homginin burada xromit vo kobaltitlorin
aktivliklori miigayise olunur (150-950°C) va Cu Cr,0,>Ni Cr,0,> Co Cr,0,4 kimi aktivlik
sirast toklif edilir. Eyni zamanda rentgen foza va 1Q analizlorindan sonra naticods Co/Cr,03
=3 oldugda hamginin katalizatorun torkibinds olan xromit va kobaltitlordon basqa kobaltxrom
spinel garisigmin olmasi da gostarilir. Torkibinds 70-75% Cr,03 vao 35-75% CuCr,0 olan
katalitik sistemlorin gaz qarisiginin 360-410°C -do hecmi siiratinin 6000-15000 saat ™
giymatlarinda karbohidrogenlorin vo CO-nun 80-86% ¢evrildiklarinin geyd ‘r. Nikel vo mis
oksidlori asasinda togkil olunmus katalitik sistemin ¢ox vaxt isloma miiddotinin artirilmasi
ticiin ona kalium, natrium hidrosilikatlar (3-6%) vo kalium karbonat ( 40-60%) slavs edirlor.
Bu proseslarin naticasinds alds edilmis katalizatorlarin isloma miiddati xeyli artir.

CO-nun oksidlosma reaksiyasint WOz vo Mo0O3; oksidlori asasinda olds edilmis
katalizatorlara Cs, Pd alava etmokls alds edilmis katalitik sistem stiratlondirir.

Karbon monooksidin vo karbohidrogenlorin dorin oksidlosmasi prosesinds basqa
katalizatorlardan genis yayilanlardan domir oksidlori asasinda olanlar1 qeyd etmoak olar. Damir
oksidi ilo barabar basqa oksidlardonds toklif olunan katalitik sistemlords ¢ox genis istifado
edirlor. H, vo CO -nun oksidlosmasi ticiin HF ilo amorf halinda aldo edilmis FegC0,5B15
oksid katalizatorunu isladikdon sonra 755K-ds istifads edirlor. CO-nun va karbohidrogenlorin
oksidlogsmasinda domir oksidin kobalt va xrom oksidlari ilo alds edilmis niimunasi ¢ox genis
istifads edilir. Bu prosesds avvalca Cr,O3-iin az miqdari ilo domir oksid bark mohlul olan Fe..
yCryOs omalo gotirir, bura kobalt oksid olave etdikdo iso {iclii spinel qurulusa malik
CoxCryFes«y04(x=0,3-0,5) sistem amala gatirir ki, bunun kaskin sokildo aktivliyi artir. Bir
cox mialliflor yiiksok aktivliklo karbon monooksidi oksidlogsdiron domir-kobalt oksidlari
osasinda oldo edilmis nanosistemlorin Katalitik aktivliyini vo qurulusunu Oyronmislor.
Fe*}(magn.) -2 vo Fe*}(magn.) -1 magnit komponentlori ssasinda olan domir oksidi messhauer
spektroskopiyasi metodu ilo tadqiq olunan sistemds istiinliik togkil edir. Eyni zamanda CO-
nun oksidlosmasinin Fe,Ombirlogmasi izarindo CO-nu adsorbsiya edorok Fe,Om(n=1,2, m=1-
3) sothindo Osistiraki ilo FeO rabitosini qiraraq qismon Kkordinasiya edon oksigen ilo
oksidlosir. Bu aktiv moarkazlordos CO vo O, -nin birlosmasi naticasindo CO3 intermediatindan
kegmoklo CO, oldo edilir.

NOTIiCO

Tullant1 qazlarinda karbon monooksidin zararsizlogdirilmasi iiglin torkibinds gqiymatli
metal oksidlori saxlamayan katalitik sistemlor konstruksiya edilmig, onlarin karbon
monooksidin ugucu karbohidrogenlorlo birlikdo dorin oksidlosma prosesinin miimkiinliiyi
Oyranilmigdir. Gostorilmisdir ki, bu katalitik sistemlorin 1-3% CuO, Cr,03, Co0,(0; ilo
modifikasiyasindan yeni aktiv fazalar omalo galmosa do onlar sithdiki oksigenin aktivliyini
artira bilirlar.
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Miiasir insanin hayatin1 kimyasiz toSovviir etmok geyri-miimkiindiir. Kimya insan
hoyatinin, demok olar ki, biitiin sahalorina niifuz edib. Mahz bu sobsbdon tohsil islahatinin
hazirki morhalasinds timumtohsil moktablorinds tobiot fonlorindon olan kimyanin miiasir
toloblor saviyyasinds todrisi miihiim vazifalordon biri kimi qarsida durur. Bu miihiim amil
nozors alinaraq kurikulumda gostarilir ki, kimyanin todrisi zamani sagirdlara bu elmo marag,
yeni texniki vasitalordon istifado etmok, tobistdo bas veran hadisalori, maddi alomds gedan
doyisikliklori dork etmok, hoyatda, moisotdo ekoloji problemlorin hallinds istirak etmok
bacarig1 agilanmalidir.

Comiyyatin baslica problemlarindon biri do hor dovriin doyiskon, 6ziinomaxsus
tolobino uygun, istonilon doyisikliys, xiisusilo, informasiya doyisikliyino adaptasiya
gabiliyyati yiiksok, 6z tizorinds igslomayi bacaran, dyronmayi 6yranan, foaliyyatindo miiasir
texnologiyalar vo dovriin talobino uygun miimkiin yeniliklori totbig edon, yiiksok monavi
keyfiyyatloro vo diinyavi doyarloro malik soxsiyyst yetisdirmokdir. Qloballasmanin viisot
aldig1 informasiya comiyystinds bu problemin hallinds genetika vo miihitlo yanasi, hom
Olkodaxili ziyali miihitin formalasmasina xidmoat edoan, hom do beynslxalg alomds &lkanin
rolunu mioyyan edon osas amillordon biri kimi 6z agirligimi saxlayan tohsilin do rolu
boyiikdiir [1].

Giiniin talabina cavab vermak, diinya tohsilina integrasiya etmok va s. kimi magsadlori
0ziindo comlogdiran Tohsil islahatlarinin hayata kegirilmasinin naticasidir ki, ilk avval tohsilin
pillalorinda 1) moktabogadar tohsil pillasi; 2) timumi tohsil pillasi; 3) ali tohsil pillosi
formalasdirildi.

Ononavi tohsildon soxsiyystyoniimli, sagirdyoniimlii, inteqrativlik vo tolobyoniimli
olmagma gora segilon Miasir kurikulumun on xarakterik xiisusiyyatlorindon biri onun
naticoyoniimlii olmasidir. Baldiyimiz kimi, anonavi tohsil programinin moagsadi fonlarin
todrisidir. Miasir Kurikulumun osas moqsadi bacariq vo Vordisloro malik soxsiyyat
yetisdirmak va bu programda fanlar sadaco magsads ¢atmaq {iglin bir vasitadir. Kurikulumda
sagirdlarin sonda alds edacayi nailiyyatlor avvalcadan talim naticalori formasinda gostarilir vo
biitiin strategiya hamin tolim noticalarine ¢atmaq tigiin qurulur.

Homginin yuxarida qeyd etdiklorimlo barabor Miiasir Kurikulumun on asas mogsadi
yasadig1 informasiya bollugu ilo tochiz olunan comiyyatin toloblorino cavab veran tongidi,
montiqi, yaradic1 tofokkiiro malik, 6ziinds istonilon saho iigiin totbigi zoruri olan miioyyon
bacariq vo Vordislori formalagdiran vo daim Oyronon, Ozinii tokmillogdiron soxsiyyat
formalagdirmaqdan ibaratdir.

Miiasir morhalodo sagirdloro hoyati bacariqlar agilanmasi da mithiim zoruri tolobdir.
Bu baximdan kurikulumda sagirdloro kimyanin todrisi prosesindo todqiqgatciliq, analiz vo
sintez, tosnifetmo, sistemlosdirma, qruplasdirma, itmumilogsdirmo vo konkretlosdirms,
mithakimoyiiriitma, montiqi diislinmo, miigayiso Kimi vacib ohomiyyatli bacariglarin
astlanmast  diqqot morkozindo saxlanilir. Kurikulum tolimin praktik istigamatinin
giiclondirilmasini toalob etdiyindon, anonavi fonn programlarindan koklii sokilda farglonir,
tolimin  mogsadi, moazmunu, vasito Vo isullari, bu sahadoki foaliyyatin somoraliliyini
yoxlamagin metod vo vasitolorini 6ziindo oks etdiron sonod olan kimya fonni iizro
kurikulumun tatbiqi, siibho yoxdur ki, talimi yeni keyfiyyat saviyyasins yiiksaltmays zomin
yaradacaq [2].

Ononavi fonn programlarindan forgli olaraq biz kimya fonni kurikulumunda tolim
strategiyalar1 termini ilo do qarsilasiriq ki, bu da genis monada fonnin todrisine verilon miasir
toloblori, tolimin togkilinin forma vo metodlarini, planlagdirma niimunalorini shato edir.
Kurikulumun mihiim xiisusiyyatlorindon biri do fonn i{izro mozmun Xatlorinin
doagiqlosdirilmasidir. Kimya fonni tizra 4 mazmun Xatti miiayyanloasdirilib:

1) Madds vo maddi alomin mazmun Xatti maddonin torkibini, qurulusunu, kimyovi
rabitolorin tiplorinin  xassalorini, atom vo molekullarin, maddi alomin diizgiin dork
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olunmasina, onlar haqqinda miilahizalorin irali siiriilmasina, sagirdlords todqiqatgiliq meylinin
inkisafina imkan yaradir, sagirdlorin zaharli maddslorlo davranmasina, maddolori totbigine
g0ra miioyyanlosdirmoak sahasinds gabiliyyatlorinin inkisaf etmasine tosir gostarir.

2) Kimyavi hadisalor mozmun Xxattina aid materialin monimsanilmasine, maddalarin
bir-birina ¢evrilmasina, bu gevrilmoalorin qanunauygunluglarinin va soraitinin, maddalarin
alinmasinin dork olunmasina kimyavi reaksiyalar ssasinda hesablamalar aparilmasina imkan
yaradir. Sagirdlor otraf alomdo bas veran cevrilmoalordon hoayati mogsadlor iigiin istifados
bacariqlart qazanir, todqiqatgiliq gqabiliyystlorinin giiclonmasindo miithiim rol oynayan
Kimyovi ¢evrilmalori 6yranirlar.

3) Eksperiment vo modellosdirmonin mazmun Xotti asasan foza tesavviirlarinin
inkisafina sobab olur, maddslorin qurulusunun vo Xassslorinin dyronilmoasinds sldo olunan
bilik va bacariqlarin eksperiment yolu ilo modellosdirilmasi, Kimyovi reaksiyalarin tocriibodo
gostorilmosi, molekullarin, kristal gofaslorin lig6l¢iilii modellorinin hazirlanmasi sagirdlorda
praktiki vordiglorin yaranmasini, nozori molumatlarin praktikada totbiq olunmasi
bacariglarinin formalagsmasini tomin edir, maddoalorin keyfiyyat vo kamiyyat torkibinin analizi
Vo elmi tadqiqat islori aparmagq ii¢iin zomin yaradir [3].

4) Kimya va hayat mozmun xatti tobiots, biitiinliikdo basariyyate boyiik zoror vura
bilocok maddoslorin miisyyonlosdirilmasini vo onlarin hoayatin istonilon sahasinds zoror
vurmadan tatbiq olunmasini tamin edir.

Biitiin bunlar kimya fonni Kkurikulumunun moktabds, tolimin yeni keyfiyyot
soviyyasino qaldirilmasina, sagird soxsiyyotinin formalagsmasina, moktobliloro hoyati
bacariqlar agilanmasina bu fonnin imkanlarindan optimal istifads olunacagina inam yaradir.
Sagirdlorin praktiki foaliyyotinin gliclonmasino xidmat edon foaliyyat Xatlori mozmun
xatlarindan forglonsa do, onlarm har biri ilo slagadar olub, biliklorin oldo edilmasi va
istifadosi yollarin1 miioyyonlosdirmak, onlari tosvir etmok mogsadi dasiyir vo sagirdlor
torofindon kimya fonninin dork edilmosina, ona kompleks bacariglarin toplusu kimi
baxilmasina xidmat edir [4].

Kurikulumun istiinliiyii sayilan tohsil standartlarinin dogiglosdirilmosi miiollimo dors
ili boyu fonn {izro sagirdlorin hansi bacariglarinin formalagmasini, dars ilinin sonunda hansi
tolim naticalorinin - aldo edilmasini  bilmays vo 06z faaliyyatlorini  bu naticalors
istigamotlondirmoys imkan verir. Digar talim fonlori kimi, kimya fonn kurikulumunda da
fondaxili vo fonlorarasi inteqrasiya novlarina xiisusi diqqgat yetirilmigdir. Kurikulumda fonn
tizro tolimin planlagdirilmasina dair niimunalorin = verilmosi  do  miollimin iginin
asanlasdirilmasina, diizgiin istigamatlondirilmosina xidmot edir. Illik vo cari planlasdirma,
mozmunun miioyyanlosdirilmasi, magsadin miioyyonlosdirilmasi, strategiyanin hazirlanmasi,
resurslarin se¢ilmasi vo s. masalolorin sorhi miiallimloro metodik komok baximindan ¢ox
ohomiyyatlidir. Sagirdlorin bacariglarinin, talim noticalorinin giymotlondirilmoasi ilo bagh
moasalalor do kurikulumda 6z oksini dolgun sokilds tapmisdir. Siniflor iizra giymatlondirmaya
dair niimunalar bu sahadoki ciddi yeniliklorin shamiyyatini bir daha siibut edir.

Kurikulumun integrativ saciyyassi sagirdlarin alds etdiklari bilik vo bacariqlarda 6ziinii
gostarir. Belo ki, kurikulumda, haqli olaraq, sagirdlorin fonn {izra bilik vo bacariglarmin digor
fonlarlo biitév montigi olage osasinda monimsanilmasi zoruri sayilib. Bu zaman diinyada
movcud olan cansiz vo canli varliglarin ayri-ayr1 maddalordon vo onlarin garisiqlarindan
ibarot olmasi, tobiotdo movcud olan maddslordon basqa insanlarin &zlorinin ¢oxlu yeni
maddoalor almasi kimya fonninin fizika, biologiya, cografiya elmlori ilo olagsli sorhi diggot
markazinds saxlanilib [5].

Kurikulumun inteqrativ xarakterli olmasi tolim prosesinin Somaraliliyini artirmaga,
yeni tolim texnologiyalarindan, faal, interaktiv talim metodlarindan optimal istifadoys, vaxta
gonast etmays, tolim yiikiiniin azaldilmasina, tolimo maragm yiiksaldilmasing, bilik va
bacariglarin kompleks soklinds manimsanilmasinae imkan verir. Kimya fonni iizro kurikulum
miollimi pedaqoji yaradiciliga, konkret situasiyadan ¢ixis edarok, 6z imkan vo soraitloring
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gbro tolim strategiyalari se¢moys, moktablilorin todqiqatgiliq foaliyyatini toskil etmoys
istigamatlondirir. Respublikamizin niifuzlu kimyagi alimlarindan va praktik miiallimlarindan
ibarat niifuzlu is¢i qrupu torofindon hazirlanmis, beynolxalg standartlara cavab veran
kurikulumun magsoadyonlii totbigi kimya toliminin miasir toloblor saviyyasinds toskiling,
sagird soxsiyyatinin formalagsmasina, moktoblilora zoruri hoyati bacariglar asilanmasina bu
fonnin imkanlarindan optimal istifado olunacagina inam yaradir.

Fonno aid foaaliyyat Xotti mozmun Xatlorinds oks olunan biliklarin slds edilmasinds
sagirdo praktik imkan yaradir. Fonnin mazmun standartlar1 bu foaliyyat Xatlori ilo slagalilik
asasinda tatbiq olunur. Faaliyyat Xatlori mazmun xatlorindan farglonss do onlarin har biri ils
olagalidir. Bu Xxatlor mozmun iizro biliklorin  oldo edilmasi vo istifadasi yollarini
mioyyanlosdirmok, onlar tasvir etmok mogsadi dasiyir va sagirdlar tarafindon kimya fonninin
ohomiyyatinin dork edilmasins, ona kompleks bacariglarin toplusu kimi baxilmasina xidmat
edir [6].

Sagird kimyadan monimsayacayi mozmuna miixtalif foaliyyatlor vasitasilo nail ola
bilor. Foaliyyat Xatlori kurikulumun hayata kegirilmosi {iglin mozmun standartlarinin
monimsanilmasini tomin edir. Baglica mogsadi - tolim vermak, asas mosalasi isa talimin
naticasi olan tolim strategiyalarina aiddir:

- talimin taskilina verilan talablar;

- tolimin taskilindo istifado olunan forma vo tisullar;

- miiallimin tolim foaliyyatlorinin planlagdiriimasina aid niimunalor;

- fonnin mazmun standartlarimin sorhi [2].

“Strategiya” yunan moansali sozdiir, tohsildo - “sorkords incasanati” monasini verir.
Tolim strategiyasinin anlami isa “Oyradonin dyranoninin qarsisina qoyulan moagsado ¢atmaq
tglin  Oyrotmo metodu Vo isullardan istifadosi demokdir. Tohsil prosesindo tolim
strategiyasinin vacibliyi ondan ibaratdir Ki, 0 asan metod va iisullarla Gyrononlora 6yranmo
imkan1 yaradir. Tolim strategiyalari xiisusi proqramlarla hoyata kegirilon vo dagiq natica oldo
etmok igiin qurulan tolim modelidir. Tolim strategiyasini miioyyan etmok tigiin tolimin
mogsadini, tohsilin mozmununu dyranarak, tolim prosesinds dyrananlora verilon tapsiriglarin
mozmunundan nays istigamatlondiyi tohlil edilmolidir. Tolim strategiyasinin vacib
amillorindon biri do interaktiv va ononaovi tolim mihitindo, miimkin olan zaman
strategiyalarinin birlikds istifado edilmosidir. Tolim strategiyalarina diizgiin yanagma talimin
keyfiyyati vo 6yrananlorin miivaffogiyyatinin artmasiyla naticalonir [5].

Insan biliyi ii¢ yolla: esitmo, vizual-gérma va Kinestetik omollorlo alir. Bu prosesdo
Oyrananlora rahat vo keyfiyyatli tolim verilmasi {igiin goxsayli tolim strategiyalarindan on
onomlisi oqli hiicim, yaradiciliq, quruculuq, konstruktiv, ¢oxsaholi zoka modellogdirms,
ananavi miihazira, kooperativ oyun, sokrat dialogu va s. istifadasi magsadauygundur.

Miollimlorin  tolim strategiyalarii1 diizgiin  hoyata kecirmosi {iglin  dyronoanlors
oyrandiyinin mahiyyatini axtarmaq, dyronmaya hissalorlo baslamaq, tokrarlamaq, dyranmok
Vo Oyratmok, qisa mazmundan istifado etmok, dyronarkon fikrini yayimndirmamaq vo s. Kimi
gaydalar vardir. Homginin diinyanmn taninmis Microsoft vo Intel sirkotlori miiallimlorin yeni
tolim strategiyalarina yiyalonmosi {iglin osas mogsadi yeni kompiiter proqgramlarini tolim
strategiyalariyla inteqrasiya edib, dors prosesinds istifado etmokdon ibarat tolimlor kegirir.
Tolim strategiyalar1 asagidaki asaslar tizro qurulur:

- faal vo 6zuinii idars edan tahsil;

- sagirdlorin bilik vo bacariglarina asaslanma;

- refleksiyaya istigamatlilik;

- sagirdin idrakinin, sosial kompetentliyinin inkisafi;

- tolim prosesindo interaktivlik vo kooperativlik;

Bu osaslar 6ziindo zamanin, siirotlo inkisaf edon comiyyatin moktabin gqarsisina
qoydugu mogsadlori giidiir. Tohsil prosesindo tolim strategiyasi ilo yanasi, pedaqoji
texnologiyalar da totbiq edilir [6].
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Tolim strategiyasmin tolim texnologiyasi ilo iimumi oxsarliglar1 vo farglori var.
Oxsarliq ondan ibaratdir ki, hom tolim strategiyasi, hom do tolim texnologiyasi dyrancini
inkisafa yonaltmoys, bilik alds etmoys, qoyulan magsads ¢catmaga komoklik edir. Farglar isa
bunlardan ibaratdir ki, tolim strategiyas1 “talimin bu vo basqa mogsadlarine catmagq iiciin biz
no edirik ki?” sualini cavablandirir, tolim texnologiyasi iso “tolim moaqsadlorino effektli
¢atmagq ligiin biz na etmaliyik?” sualina cavab verir.

Pedaqoji texnologiya vo metodlarin ¢oxlugunun bazon miisllimlori ¢asdirmamasi tigiin
onlar 6z faaliyyatlorina vo mogsadlorine uygun texnologiya segorkon Rusiya alimi vo
todgiqatgis1 German Selevkonun goldiyi gonasti: har bir pedoqoji texnologiya sistemliyi va
ardicilligr 6ziindo ehtiva edir vo o bir ne¢o asasli metodoloji talobloro cavab vermolidir”
nozors almalidirlar. Bu taloblor asagidakilardir:

1. Konseptualliq. Pedaqoji texnologiyanin konseptualligi hor bir pedaqoji
texnologiyanin elmo asaslandigini nazords tutur. Bu asaslanma 6ziinds tahsil mogsadlaring
catmagq Ug¢iin psixoloji, didaktik, sosial-pedaqoji prosseslori ehtiva edir.

2. Sistemlilik. Pedaqoji texnologiyanin sistemliliyi 0ziindo sisteminin biitiin
xiisusiyyatlorinin olmast demokdir. Bunu isa prosesin montigliyi vo hissalorinin bir-biri ilo
qarsiligl baglanmasi vo tamligin amalo golmasi kimi izah etmak olar.

3. Idaroetmo. Tolim prosesi layiholondirma, planlasdirma, sagirdlorin qarsiligh
faaliyyatlorinin idars olunmasi morholalorini ohato edir. Bu zaman diagnostika apararaq
sohvlarin diizaldilmasi, ayri-ayr vasitoalordan istifads va tohsil prosesini idara etmok imkanlari
yaranir.

4. Effektivlik. Miasir pedaqoji texnologiyalar ¢ox miirokkob bir soraitdo yaranir.
Tolimin effektivliyindo onun basqa texnologiyalardan forqi askarlanmalidir ki, bu da 6z
novbasindos toyin olunmus bilik standartinin yiyalonmasine tominat versin.

5. Yenidon totbig olunma. Yenidon totbiq olunma pedaqoji texnologiyanin basqa
subyektlor torafindan digar oxsar eyni tipli moktablords istifads etmosini nazords tutur. Tolim
texnologiyalarin tatbiqi zamani sorait, pedaqoji - psixoloji miihit va sinfin saviyyasindon asili
olaraq miixtalif talablori nazars almag va bunlar1 diizgiin totbiq etmok zorurati ortaya ¢ixir [2].

Yeni fonn kurikulumlarinda tolim strategiyalar1 agagidaki masalalori ohato edir:

-pedoqoji prosesin togkili prinsiplari;

-fonn {izrs tolimin planlasdirilmast;

-talimin toskilinds istifads olunan forma vo tisullar.

Miixtolif zamanlarda 6ziinomoxsus xarakter kosb edon tolim prosesi daima ardicil
olaraq inkisaf edir. Soxsiyyotyoniimlii tohsil sistemindo pedaqoji prosesin morkazinda
dayanan miiallim vo sagirdlorin funksiyalar1 doyisir. Onlarin faaliyysti ovvalcadon miioyyan
olunmus naticalora osason qurulur. Miiallim kurikulumlara real vaziyyato uygun inteqrasiya
olunmus planlarla yanasi, yeni texnologiyalar hazirlayir, yaxud mévcud olanlarin igarisindan
on miinasibini se¢ir. Bu texnologiyalarin miiayyan olunmasinda miisallim va sagird soxsiyyati
tolimin aparici subyekti kimi ¢ixis edir. Miinasibatlor “subyekt + subyekt” formulasina uygun
tifliqi istiqgamotdo qurulur. Bu zaman sagirdlor 6z tofokkiiriiniin, diisiincosinin, misllimlor iso
sagirdin inkisafi ti¢iin soraitin toskilatgisi olurlar [7].

Misllimlarin rohbarlik funksiyasi doyisir, informasiya vermok sahasindoki foaliyyati
mohdudlasir. O, daha ¢ox sinif soraitinds tolim foaliyyatini slagoslondiron, istigamatlondiron
moslohatgi kimi sagirdlorin miistoqil idraki foaliyyatini, foal yaradiciligini togkil edon
subyekta ¢evrilir. Pedaqoji prosesin diizgiin qurulmasinda miihiim didaktik prinsiplars istinad
olunur.

-pedaqoji prosesin tamligi - fonnin talimi zamani pedaqoji prosesda tolim magsadlori
kompleks (inkisafetdirici, dyradici, torbiysedici) hoyata kegirilir, real naticalorlo yekunlasan
miiollim vo sagird foaliyystini ohato edir;
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-tolimdo borabor imkanlarin yaradilmasi - hami torofindon yiiksok Saviyyada
monimsadilmasi ti¢iin biitiin sagirdlors eyni tolim soraiti yaradilir vo pedaqoji proses onlarin
potensial imkanlar1 nazars alinmagla tonzimlanir;

-sagirdyoniimliiliik - sagird pedaqoji prosesin markazinds dayanir. Biitiin tadris vo
tolim isi sagirdlorin ana dilino olan maraq vs talobatlarinin 6donilmasins, onlarin istedad va
gabiliyyatlarinin, potensial imkanlarinin inkisafina yonaldilir;

-inkisafyoniimliiliik - sagirdlorin idrak foallig1 izlonilir, nailiyyatlori tohlil edilir.

-foaliyyotin stimullagdirilmas1 - pedaqoji prosesin somorali vo effektiv qurulmasi,
sagirdlorin ana dilini yiiksok Saviyyado manimsomasi vo tolimo maragin artirilmasi tiglin
onlarin faaliyyatindaki biitiin iraliloyislor geyd olunur vo dayarlondirilir, natico etibart ilo
sagirdlorin daha ugurlu talim naticalarins istiqgamatlondirilmasi tamin olunur [4].

-dostokloyici miihitin yaradilmasi - pedaqoji prosesin miinasib maddi-texniki baza
osasinda va saglam monavi-psixoloji miihitds togkil edilmasi.

Ayri-ayrt fonlorin toliminda bu prinsiplorlo yanasi, xiisusi metodik prinsiplorin do
miioyyan olunmasi didaktik cohatdon shomiyyatli hesab edilir.

Miollimin  soxsiyyati, monavi keyfiyyatlori, pedaqoji-metodik ustaligi darsin
somaraliliyins tasir edon amillordondir. Pedaqgoji-metodik ustaliq 6z oksini, ilk névbada darsin
planinin yaradic1 tortibinds vo onun reallasdirilmasinda tapir. Mohz diizgiin, yaradici
planlasdirma tolim vaxtindan optimal istifadoys, materialin mazmununun doarindan, siiurlu
monimsanilmasing, yeni situasiyada totbiqine zomin yaradir. Miollim pedaqoji, psixoloji
todgigatlardan, fonnin tadrisi metodikasinin nailiyyatlorindon bohralonmakla, konkret sinfin
imkanlarini nazars almaqla 6z dars sistemini yaratmali, togobbiiskar foaliyyat gostarmalidir.
Bozon metodik tovsiyoloro ehkam kimi yanasan, miollim tg¢iin vosaitdoki dars
niimunalorindan Konara ¢ixmaga, oradaki bir sozii, ctimloni belo doyismaya cosarat etmayan,
ugursuzluglarini bu yolla sigortalamaga ¢alisan miiallimlars da rast galirik.

Unudulmamalidir ki, miiasir dorsdo ugur metodika elminin nailiyyatlori ilo miiallim
tocriibasinin, yaradiciliginin qovusugunda, tizvi vohdstindo yaranir. Miasir dors yalniz
miiollimin qisa miiddatdo konkret masgoloys hazirligmin deyil, hom do uzun illor arzinds
zorro-zarro topladign is tocriibosi ilo metodik tovsiyslordon yaradiciligla bshralonmayin
vohdatinds yaranir [8].

Dorsin somaraliliyinin artirilmasit imkanlart mohdud deyil, burada har dofo yeni
metodik ideyalar, totbiglor, orijinal dors variantlar {igiin zongin yaradiciliq imkanlar1 vardir.
Hor bir dors sinfin sagirdlarinin bilik vo bacariglari, talim moagsadlori, metodik imkanlari,
tolim materialinin hocmi, miirokkoblik soviyyasi vo s. nozoro alinmagla toskil olunmalidir.
Tosadiifi deyil ki, yaradict miiallimin paralel siniflords eyni mévzuda dediyi dorslor heg vaxt
bir-birinin tokrar1 olmur, biri digerindon metodik ¢alarlar, tapintilar, O6ziinomoXsus,
tokrarolunmaz cohatlori ilo forglonir.

Xiilasa

Mogalads timumtahsil moktablarinds kimyanin todrisi zamani istifads edilon talim
strategiyalar1 nozordon kegirilmis, bu isdo nazars alinmali vo digqgot yetirilmali olan masalolor
barodo maslohat va tovsiyyalor erilmisdir.

CTPATETUMOBYUYEHUALJIATIPEITOJABAHUAXWMUN
Pe3rome

B cratbe paccmarpuBaroTcsl yueOHbIE CTPATEru, HCIOJIb3yeMble MPH MPETo aBaHul
XUMHUH B CPETHUX IIIKOJIAX, a TAK)KE JAIOTCS COBETHI U PEKOMEHJAIMH 110 BOIIPOCaM, KOTOPbIE
HE00XO0/IMMO PaCCMOTPETh U PEIIUTh B 3TOW padore.

TRAINING STRATEGIES FOR CHEMISTRY TEACHING
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Summary
The article reviews the training strategies used in the teaching of chemistry in
secondary schools, and provides advice and recommendations on issues that need to be
considered and addressed in this work.
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Abseron yarimadasinda lay sularinda va mineral sularda radioaktivlik va onun
giymatlandirilmasi iisullari.

Beybutov V.V.,Abdullayeva M.Y.

Azarbaycan Doviat Neft va Sonaye Universiteti, Baki

Acar sozlar:mikroelementlor,radiasiya fonu,radiokimyavi tisullar,ICP

Keywords: microelements,radiation background,radiochemical methods

Xiilasa: Toqdim olunan tezisdo Abseron yarimadasinin lay vo mineral sularinda
radioaktivliyin giymatlondirilmasi tisullart arasdirilmigdir.

Abstract: The article examines the methods of assessing radioactivity in the stratum and
mineral waters of the Absheron Peninsula.

Abseron yarimadasinin Suraxani, Sabungu Vo Six burnunda ¢ixan mineral sular boyiik
miialicovi shamiyyatino malikdir. Sularda hidrogen-sulfid qazinin miqdarindan asili olaraq,
onlar miialicavi shamiyyato malik olur. Xalq arasinda bu sulara kiikiirdlii sular da deyilir.
Respublikada kiikiirdlii sularin biitin noviino tesadif edilir. Bu sular neft vo bitumlu
rayonlarda genis yayilmisdir. Cox miqdarda hidrogen-sulfid qazli sular Abseronda,
respublikamizin gimal rayonlarinda vo Naxg¢ivan MR-da askara ¢ixarilmigdir. Masalon, Six
burnunda — 400 mq/l, Suraxanida — 170-400 mq/l (Abseron), Karvansarayda — 600 mq/l
(Nax¢ivan MR), Altiagacda — 108 mq/l va s. [1].

Yeralt1 lay sularin keyfiyyatinin prioritet geokimyovi gostaricilor grupunda spesifik
antropogen birlogsmolorin pay1 artir ki, onlarin da arasinda asas rolu iizvi maddslor oynayir.
Igmoali sularda 96 gigiyenik nor-mativ. BBK-ya malik 1600-don artiq fordi Kimyavi
birlosmalordon praktiki olaraq hor biri suda ekoloji-geokimyavi cohotdon kifayot migdarda
(mii-vafiq ¢irklonma moanboyi oldugu halda) istirak eds bilor. Lakin tocriibado yeralti sularda
daha ¢ox rast golon zororli maddolor aromatik, yarimaromatik,yiingiilugucu vo digar
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halogensaxlayan, fenol vo xlorfenol birlosmalor, miixtolif xlor-, fosfor-, azotsaxlayan
pestisidlor qrupuna daxildir ki, bu da 6ziiniin fon konsentrasiyasina gors prioritet geokimyaVvi
gostaricilor qrupuna xas olan antropogen monsali igmali sularin keyfiyyatinin nozarst olunan
gostaricilarinin ohats dairasini kigildir.

Todqiqatlar gostorir ki, F, Fe, Cu, Zn, Sr, Mo, U kimi mikroelementlar biitiin zonalarin
yeralt1 sularinda, nitratlar, As, Se, Pb bozilorindo; Be vo Mn bozi dagstoyi diizanliklarin
yeralt1 sularinda rast golir. Minerallasma doaracasi 0,6-0,7 g/l olan sularda miqdar1 25%-
mg/ekv toskil edon hidrokarbonatlar vo qarisiq kationlar qrupunun Ustiinliyii geyd olunur.
Quru galigin miqdarinin artmasi ilo (1,2-1,5 g/l-o gador) sularin tipi HCO3-SO -dan HCOs-
SO,-Ca, Ca-Na, Na-Ca, Na-Mg -a godar doyisir. Az minerallagmis sular kimyavi torkibina
g6ra SOy, O4-Cl, CI-HCO3, CI-SO4-Na-Ca, Na-Mg tips aid edilir [2].

Icmoli mineral sularin radiasiya tohliikasizliyini miioyyan eden {imumi o- vo P
foalliginin istifadasi tovsiyys olunur. Homin gostaricilor tigiin: a- foalligi- 0,1 Bk/I; B- foallig:
- 1,0 Bk/I gabul olunur.

Lay sularinda vo igmali mineral sularda radiasiya fonunu giymatlondirmok {igiin
radiometriya, alfa vo Dbetta spektrometriya vo radiokimyavi isullardan istifado
olunur.Radiometriya tisulunda SRP-68-01,SRP-88N radiometrlorindon daha c¢ox istifado
olunur [3].Radiokimyavi miayinalor iss bir qayda olaraq miiasir fiziki-kimya
laboratoriyalarinda analitik tsullarla aparilir.Bu isullarla yanasi ICP cihazi vasitasilo suda
olan agir metallari,radionuklidlari tayin etmok miimkiindiir.

Natica

Todgiqgatlar noticesinde miioyyan olunmusdur ki,Abseron yarimadasinda neftlo
cirklonmis orazilordo (Suraxani) lay sularinda radioaktivlik yiiksok oldugu halda,mineral
sularda(Z1g) radioaktivlik standartlara uygundur.

ODOBIYYAT
1.MamenoBa D.A. XapakTepucTHKa KadyecTBa MUTHEBBIX MOJI36MHBIX BOJ
Azep0aiimkanckoi pecriyonuku. O0miecTBo ,, Taxcun” AzepOaixaHCKON
pecniyonuku. Xypnan ,,buneru”. ®@usnka, maremaTka, Hayku o 3emie. Ne3,2001. c. 51-55.
2. E.A.Mammodova "Sutachizati vo meliorativhidrogeologiya" Baki 2003,227s. soh. 36-40.
3. ©.F.S "Yeralti sularinrejimva balansi"-Baki "Casioglu",1999,129s. soh. 54-60.
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NEFT VO UZVi KIMYA

DUNYADA NEFT EHTIiYYATLARI VO YATAQLARIN ISTISMARI
Sahverdiyeva.A.F.

AMEA-nin akademik Y.H.Mommadoliyev adina Neft-Kimya Proseslori Institutu
AZ 1025, Baki soh., Xocal1 prospekti, 30
E-mail: lab.21@mail.ru

Acar sozlar: neft, gaz, karbohidrogen, gigant, supergiant
Keywords:oil,gas,hydrocarbon,giant,supergiant
KiaroudeBble ciioBa: He(bTB, ras, yrii€eBoaopoa, rmrait, CBCpXrurair.

Xiilasa

Mogalads diinyanin diinyada neftin rolu,neft yataqlar1 vo onlarin istismarinin vaziyysati,
Azarbaycan neft vo qaz yataqglarinin islonmasinin inkisaf morhalslori vo 20 sentyabr 1994-cii
ildo iso Azori, Ciraq, Giinosli yataqlarmin birgs islonmasine dair “Osrin miiqavilasi’nin
baglanmasi haqqinda molumat verilib. Azori, Ciraq, Giinosli yataglari osasinda XX asrin
miigavilasine miivafiq gostarilon yataq neftlori xarici bazarlara ¢ixarilir.

EXPLOITATION OF OIL RESERVES AND FIELDS IN THE WORLD
Shahverdiyeva.A.F.

Institute of Petrochemical Processes named after academician Y.H.Mammadaliyev of ANAS
AZ 1025, Baku city, Khojaly avenue, 30
E-mail: lab.21@mail.ru

Summary

The article provides information on the role of oil in the world, the state of oil fields and their
exploitation, the stages of development of Azerbaijani oil and gas fields and the conclusion of
the "Contract of the Century" on September 20, 1994 on joint development of Azeri, Chirag
and Gunashli fields. On the basis of Azeri, Chirag, Gunashli fields, the specified field oils are
exported to foreign markets in accordance with the contract of the XX century.

SKCILUTYATAIIMSI HE®@TSHBIX 3AITACOB U MECTOPOXXJIEHUI B MUPE
IHlaxeepouesa.A. @.

HNucTuTyT HEPTEeXUMUYECKUX TMpolieccoB nMeHu akaaemuka FO.I'. Mamenanuesa HAHA
AZ 1025, ropon baky, npocnekt Xomxainsl, 30
E-mail: lab.21@mail.ru

Pe3rome

B crarbe mpencraBnena uHpopMmalus o poid HepTH B MHUpE, COCTOSHUM HE(PTIHBIX
MECTOPOXKACHUM M MX SKCITyaTalluy, 3Tanax pa3paboTku azepOaiipkaHCKUX HedTera3oBbIX
MecTopokaeHnid u 3akmoueHuu «Kontpakta Beka» 20 centabps 1994 r., paspaboTka
MmecTtopoxkaeHnit Azepu, Yupar u T'ronenun. Ha Gasze mectopoxkaenuit Asepu, Ywupar,
['foHenIM yKa3aHHbBIE TPOMBICIOBbIE HE(PTH HKCHOPTUPYIOTCS Ha BHEIIHUE DPHIHKU B
COOTBETCTBUH C KOHTPAKTOM XX BeKa.

Neft vo qaz diinyanin vo elocs do Azarbaycanin iqtisadiyatina miqrasiya etmisdir. XXI
asrin avvallari ti¢iin hesablanmis vo diinya iizro kasf edilib ¢ixarila bilon neft ehtiyati 140
mlrd. tondur. Bunun 66,5%-i Yaxin vo Orta Sorq olkalorinin, 14,5%-i Markazi, Simali vo
Conubi Amerika, 19%-i iso Afrika, Moarkozi vo Sorqi Avropa, MDB o6lkalori, Asiya — Sakit
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okean, Qarbi Avropa regionu 6lkalorinin payina diisiir. Azarbaycan da karbohidrogen ehtiyati
ilo zongindir.

Hazirda diinyada 65 mindon ¢ox neft vo qaz yatagi var vo 97 oOlkodo neft hasil
olunur.Bu yataglardan 932 neft vo qaz yatagi gigant yataglara aiddir [1].Bu yataglar
karbohidrogen ehtiyatina gdro bir-birindon forqlonirlor. Beynolxalq klassifikasiyaya (ANI)
osason neft yataglari neft ehtiyyatina osason asagidaki novlera boliniir: xirda -10 min.t-a
gadar; orta — 10-100 min. t; iri — 100-1000 min. t; gigant — 1-5 mlrd t; supergigant yataglar — 5
mlrd.t-dan ¢ox neft ehtiyyati olur.

Diinyada on boyiik neft yataglarina Soudiyyos Orobistanin Qavar yatagir vo Kiiveytin
Burgan yatagini géstormok olar. Bu yataqlarin balans ehtiyatlar1 60 milyard barel (toxminon
8,2 milyard ton) hocminds qiymotlondirilir. Qafar yatagi. 280 ilo 30 km (174 ilo 19 mil)
arasinda olan bu orazi, diinyanin on boyliik sorti neft yatagidir [2] vo Soudiyyo Orobistaninin
2018-ci ilodok macmu neft hasilatinin toxminon ti¢ds birini togkil edir. Burgan neft yataginin
iso barpa edilo bilon neft ehtiyyati 66 ilo 75 milyard barel arasinda tobii qaz ehtiyyati isa 70
trilyon kub fut kimi qiymatlondirilmisdir [3].

Diinyada olan 29 supergiqant neft yataglarindan biri do Rusiyada yerloson Samotlor
yataginda biitlin inkisaf dovrii oarzinds timumilikde 17.000-don ¢ox quyu insa edilmis vo 2.6
milyard ton neft hasil edilmisdir [4].

Diinya neft ehtiyyatinin 24 gigant vo bir supergigant yatagi ABS-in payma diisiir.
Simali Amerikadaki on boyiik neft yatagi Pudra-boy yatagmin giindalik neft hasilati
250.000million barreldir.

Beynolxalq Enerji Agentliyinin molumatina asasan, 2020-cii ildo oan ¢ox neft hasil edon
Olkalor sirasina Venesuella (302,809 min.t) Soudiyys Orabistan1 (267 min. t), Kanada
(167,896min. t), iran (155,600 min. t), Iraq (145 min. t), Kiiveyt (104 min. t), Birlosmis Orab
Omirliyi (98,630 min. t) Rusiya (80,000 min. t) va s. aiddir.

Neft resurslari bol olan 6lkalari ehtiyatlarinin migdarina gors 4 grupda toplamaq olar.

Birinci qrupa Kiiveyt, BOO vo Soudiyys Orobistan1 daxildir ki, bu 6lkslor tizro imumi
neft ehtiyat1 61,7 mlrd. t, tobii qaz ehtiyati ise 12, 8 trln. m*-dir.

Ikinci qrupa Iraq, Rusiya, Azorbaycan, Tiirkmonistan, Norveg daxildir ki, bu dlkolor
{izro neft ehtiyat1 toxminan 30 mird. t, tobii gaz ehtiyati iss 60 trln. m*-dir.

Uciincii qrupa — Meksika, Ozbokistan, Nigeriya, Kanada, ABS, B&yiik Britaniya
(timumi neft ehtiyat: taxminen 16 mlrd. t, tobii qaz ehtiyati iso 16 trln. m*-dir).

Dérdiincii qrupa ise Indoneziya, Braziliya, Peru, Cini daxil etmok olar (iimumi neft
chtiyati toxminon 5 mlrd. t tobii qaz ehtiyati iso 4 trin. m*-dir) [5].

Azorbaycan da zongin neft-qaz ehtiyyatina malikdir. Bu ehtiyyatlarin osas hissasi
Xazorin Azarbaycan sektorunda yerlosir.

Azorbaycanda da neft sonayesinin inkisafinin osas perspektivlori Xozor donizi
strukturlar1 va yataglarinin monimsanilmasi il alaqoedardir.

Xazorin zongin neft vo qaz yataqlarmin strukturlan geofiziki-geoloji tisullarla askar
edilmigdir. Miioyyan edilmisdir ki, donizin 80-350 m doarinliyindo agilan iri Yyataglar
750 min. t neft vo 200 mird. m® qaz ehtiyatina malikdirlor ki, bu da 2012-ci ildon 2115-ci ilo
kimi respublika yanacaqg-enerji kompleksinin talabatin1 6domak igiin yetorlidir.

Daniz neft vo qaz yataqglarinin islonmasini sorti olaraq 4 dévra bolmok olar.

1. Birinci dovrdo (1904-1922-ci illor) donizdo neft Artyom (Pirallahi) adasinda hasil edilib.

2. Ikinci dévrdo (1923-1948-ci illor) Bakinin Bibiheybot rayonu orazisindos donizin
miioyyan bir hissasini qurutmagqla SNe-1i quyunun qazilib istismara verilmasi ilo baslayir.

3. Uciincii dovr (1949-1962-ci illor) yeni qaz vo neft yataglarinin genis iqyasl axtarisi vo
kasfiyyati ilo baglidir. Bu axtarislar naticasinds bdyiik neft ehtiyatina malik Neft Daslar
yatagi kosf edilir.

4. Dordiincii dovrde (1963-cii ildon indiys kimi) donizin 200 m-don dorinliyindo vo

3500-6500 m qathi (tobogali) neft yataqlar1 Gyronilib. Buna misal olaraq, Songogal-doniz,
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Duvanni-doniz, Xoro-Ziro-doniz (1969-cu il), Abseron kiipasi (1971-ci il), Conub
(1970-ci il), Hazi Aslanov (1972-ci il), Palgiq topasi (1974-cii il), Bulla-doniz (1975-ci
il), Bahar (1979-cu il), Giinasli (1980-ci il), ©lat-doniz (1986-c1 il), 28 May (1998-ci il),
Ciraq (1997-ci il), Sah-doniz (1996-c1 il) va s. yataglar: misal gostormok olar.

Neft hasilatinin azalma tohliikasini nozors alaraq ,bdyiik neft-qaz ehtiyyati olan donizin
dorin gatlarinda axtaris islori aparilir vo qisa miiddot orzindo suyun 100-300m
dorinliyindo Giinosli, Ciraq,Azori vo Kopoz yataglar kosf edilir.

1993-cu il il iyul ayinda Azori, Ciraq, Sah-doniz, dorinsulu Giinosli yataqlarinin
islonmosi iliciin  AMOKO, Yunokal, Mak-Dermott (ABS), Britis Petroleum vo
Pemko(Boylik Britaniya), Statoil(Norvegiya), Penzoil(ABS) xarici neft sirkotlori daxil
olan beynolxalq konsorsium yaradilir.20 sentyabr 1994-cii ilds iso Azari, Ciraq, Giinasli
yataqlarinin birgs islonmosing dair “Osrin miigavilosi” baglanir.

Hazirda neft yataglarinin birgs islonmosi tizro 35 sirkotlo 21 sazis moévcuddur.
Azorbaycan hom Xozor donizindos, hom do quruda boyiik hocmdo neft vo tobii qaz
ehtiyatlarina malikdir.

Quruda yerlogon neft yataglarinin ehtiyati tiikondikca, Xozaor donizi neft vo qaz ehtiyati
ilo zongin oldugundan buradaki neft-qaz strukturlarina olan maraq artir. Bu regionda neft
va qaz ehtiyat1 51,2-57,1 mird. t s.y. toskil edir .

9dabiyyat
Halbouty M. (2001). “Giant Oil and Gas Fields of Decade 1990-2000: An Introduction”.
Retrieved December 13. 2007. 133.
Louise Durham (January 2005). "The Elephant of All Elephants". AAPG Explorer.
Archived from the original on March 2, 2006
The Great Burgan Field, Kuwait by Rasoul Sorkhabi, GeoExpro Volume 9, Issue 1,
2012
"TNK-BP's Samotlor Field Declared the World's Sixth Biggest”. OilVoice. 22 August
2009. Retrieved 14 June 2010.
Norimanov A.A. // Caspian Energy. 2000. Ne2(5). S. 66-68.

SINTETIK NEFT TURSULARININ AMiDOAMINLORI VO M-8B (AVTOL)
MUHORRIK YAGI OSASINDA HAZIRLANMIS KOMPOZIiSiYALARIN YOL
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yaglari, yol bitumlari, asqarlar

Hazirda diinyanin inkisaf etmis Olkalorinds yol tikintisindo bitumlar genis istifados

olunur [1]. Modifikasiya olunmamis vo ya xiisusi alavalor qatilmamis bitum istifadasi ilo
tikilon yollarda kohnalma vo dagilma prosesi siiratlo gedir. Asagi keyfiyyatli bitum yol
oOrtliyiiniin istismar miiddatini xeyli azaldir. Bunun osas sobablorindon biri bitumun ¢inqila vo
digor dolduruculara adgeziyasinin ¢ox zoif olmasidir. Belaliklo, bitumun keyfiyyatini
yaxsilagdirmagq {igiin asas sortlor: onun birlagdirici material kimi adgeziya xassosinin yiiksok
olmasi, homginin asag1 temperaturlarda gatlara qarsit davamliligi tomin etmok {igiin plastiklik
intervalinin  genislonmasi, plastiki deformasiyalarin omolo golmo davamliligi, yiiksok
temperatur intervalinda xassolorinin stabilliyidir. Sothi-aktiv maddalorin  (SAM) osas
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xtisusiyyatlorindon biri SAM molekullarinin maddanin sathine mahkom yapisa bilmasidir,
bels ki, bu molekullar sath torafindon adsorbsiya olunaraq, nazik tabage amals gotirir [2]. Bu
baximdan bitumlarin ¢inqila yapisma qabiliyyatini, Yyoni adgeziya qabiliyyatini
yaxsilagdirmaq moqQsadi ilo bir ¢ox adgeziya asqarlarindan istifado edilir. Bu mogsadlo
kationaktiv sathi-aktiv maddalor — amidoaminlor, imidazolinlor, amin birlosmalori vo onlarin
duzlari daha g¢ox istifado edilir [3]. Yol bitumlar ii¢iin asqarlarin yaradilmasinin aktual
problem olmasini nozaro alarag, toqdim olunmus isin asas mogsadi sintetik neft tursular
(SNT) va polietilenpoliamin (PEPA) asasinda miixtalif mol nisbatlorinds amidoaminloarin
sintez etmok, onlarin miixtolif mineral yaglarla kompozisiyalarini hazirlamaq vo hamin
kompozisiyalardan yol bitumlari ti¢iin yiiksok keyfiyyatli asqarlar kimi istifads etmokdir.

Bu baximdan SNT va PEPA asasinda (1:1+1:6 mol nisbatlorinds) alinmis amidoaminlar
vo M-8B (Avtol) mitharrik yagiilo miixtslif qatiliqlarda kompozisiyalar hazirlanmis vo bu
kompozisiyalar bituma asqar kimi miiayyan faiz miqdarinda (0,4 vo 0,6%) slave olunmagla
todqiqgat islori apartlmigdir.

Yol bitumunun Kkeyfiyyot gostoricilorini yaxsilasdirmaq magsadilo xammal olarag,
Azorbaycan neftlori garisigimmin  185-330°C-do qaynayan fraksiyasindan ayrilmis naften-
parafin karbohidrogenlorinin maye fazada havanin oksigeni ilo kegid metal duzlarinin
katalitik istiraki ilo oksidlogsmasindan alinmis sintetik neft tursular1 (SNT) gotiirilmiisdiir [4].
Sintez edilmis SNT vo PEPA-nin miixtolif mol nisbatlorinds qarisigindan (SNT:PEPA =
1:1+6:1) istifado edilorok molum metodika tizro amidoaminlor alinmigdir.Sintez edilmis
amidoaminlorin ~ M-8B (Avtol) miihorrik yagiilo miixtalif faiz nisbatlorinds (95-15%)
kompozisiyalar1 hazirlanmigdir.

Yol bitumunun keyfiyyat géstaricilorini yaxsilasdirmaq mogsadi ilo, xammal olaraq
SNT-dan, PEPA-dan istifado olunmagla sintez olunmus mixtalif torkibli (SNT:PEPA =1:1
+6:1 mol nisbatlorindo) amidoaminlorin M-8B miihorrik yagi ilo miixtalif qatiliglarda
kompozisiyalarinin 0,4 vo 0,6 % miqdarinda yol bitumuna alave olunmasi ilo alinan naticalor
codvalds verilmisdir.

Cadval 1.
SNTva PEPA asasinda sintez olunmus amidoaminlorin M-8B miiharrik yagi ilo
kompozisiyalarinin 0,4% miqdarda yol bitumuna slavo olunmasi ila keyfiyyat gostaricilori

Ne | Sintez olunmus asqarlarin | Yumsal | Iyno Dartilma, | Kovroklik Adgeziy

yol bitumuna slavasi ma batma sm temperaturu | a
temp., °C | dorinliyi, | 25°C , °C Balla
25°C-do

1 | Yol bitumu 48 48 75 -18 3

2 | A-1 95%+ Avtol yag | 48,1 48 50 -18 1
5%

3 |A-1 90% +Avtol yagi | 47,8 49 57 -20 1
10%

4 |A-1 85%+ Avtol yagi | 47,5 50 47 22 1
15%

5 | A-295%+ Avtol yag1 5% | 48 48 62 -21 1

6 | A2 90% +Avtol yag | 47,6 50 65 -22 1
10%

7 | A2 85%+ Avtol yagi | 47,4 50 60 24 1
15%

8 | A-395%+ Avtol yagi 5% | 47,5 49 71 -22 1

9 | A3 90% +Avtol yag | 47,3 50 78 -23 1
10%

10 | A3 85%+ Avtol yagi | 46,8 51 67 -25 1
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15%

11 | A-4 95%¢+ Avtol yag1 5% | 47,6 48 82 21 1

12 |A4 90% +Avtol yagi | 47,2 49 92 -23 1
10%

13 | A4 85%+ Avtol yagi | 47 50 70 -26 1
15%

14 | A-5 95%+ Avtol yag1 5% | 47,1 49 90 -23 1

15 | A5 90% +Avtol yagi | 47 50 95 -25 1
10%

16 |A-5 85%+ Avtol yagi | 46,6 51 86 -26 1
15%

17 | A-6 95%+ Avtol yag1 5% | 47 50 64 21 1

18 [A6 90% +Avtol yagi | 46,8 51 70 -23 1
10%

19 [A6 85%+ Avtol yag: | 46,3 52 60 -25 1
15%

Cadval 1-o asason geyd etmok olar ki, on yaxsi asqar effekti 12, 14, 15, 16-c1 niimunalor
ilo aldo olunur, yoni SNT:PEPA = 5:1 vo 4:1 mol nisbatlorinds gotiirdiikdo alinmis
amidoamin vo M-8B (Avtol) mihorrik yagi osasinda 5+15% qatiliglarda hazirlanmig
kompozisiyalar bitumun istismar Xxassolorini digor niimunsloro nisbston daha ¢ox
yaxsilagdirir.  SNTvo PEPA osasinda  (1:1+1:6 mol nisbatinds) sintez  olunmus
amidoaminlorin vo M-8B (Avtol) mitharrik yag: ilo kompozisiyalarinin 0,6% miqdarinda yol
bitumuna slavs olunmasi zamani qatiligin artmasi ilo bitumun keyfiyyat gostoricilori daha da
yiiksalir. Belo ki, bu zaman yiiksok asqar effekti veran niimunolorin say1 daha ¢ox olur.

Deyilonlori nozoro alarag geyd etmok olar ki, biitiin sintez olunmus birlosmolorin az
migdarda yol bitumuna olavo olunmasi bitumun adgeziyasini 3 baldan 1 bala qodor
doyismisdir.
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SINTETIiK NEFT TURSULARININ AMiDOAMINLORI VO M-8B (AVTOL)
MUHORRIK YAGI OSASINDA HAZIRLANMIS KOMPOZIiSiYALARIN YOL
BITUMUNA ASQAR KiMi TODQIQi

Ofandiyeva L.M., Bliyeva L.I., Musali V.X., Nasibova G.Q., Osgarova S.Y., Abbasov V.M.

Sintetik neft tursulart (SNT) vo polietilenpoliaminlor (PEPA) osasinda (1:1-6:1 mol
nisbatlarinds) amidoaminlor sintez edilmisdir. Sintez edilmis amidoaminlarin M-8B miiharrik
yagi ilo miixtalif faiz nisbatlorinds (95-15%) kompozisiyalar1 hazirlanmigdir. Yol bitumunun
keyfiyyat gostoricilorini yaxsilasdirmaq magsadi ilo homin kompozisiyalardan yol bitumlari
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tciin yiksok keyfiyyotli asqarlar kimi istifado edilmisdir. Bu moqgsadlo hazirlanmis
kompozisiyalar 0,4% va 0,6% miqdarinda bituma slava olunmusdur. Miiayyan edilmisdir ki,
homin kompozisiyalarin az miqdarda bituma slave olunmasi adgeziyani 3 baldan 1 bala qador
doyisir. Bitumun keyfiyyat gostaricilorina asason geyd etmok olar ki, SNT:PEPA = 5:1 mol
nisbatindo goétiirdikdo alinmis amidoamin vo M-8B miihorrik yagi osasinda 5+15%
qatiliglarda hazirlanmis kompozisiyalar bituma 0,4% m3 0,6% olave edildikda naticalor daha
yiiksak olur.

AHHOTAIIUA

W CCJIEJOBAHUE KOMIIO3UIUMI, TIPUTOTOBJIEHHBIX HA OCHOBE
AMUAOAMUHOB CUHTETHYECKUX HE®TSAHbBIX KUCJIOT U M-8B (ABTOJI)
MOTOPHOI'O MACJIA B KAYECTBE IIPUCAOK K JOPOXKXHOMY BUTYMY

Ipenouesa JI.M. Anueea JI.U., Mycanwt B.X., Hacuéoesa I'.I'., Ackeposa C. A., Ab6oacoe
B.M.

beut CHHTE3MpPOBaHBI aMHJIOAMUHBI HA OCHOBE CHHTETHUYCCKHX HE(TSHBIX KHUCIOT
(CHK) u nommstunennoiuamuna (II9I1A) B mosabpHOM cootHomeHuun (1:1-6:1). Bbuin
MPUTOTOBJICHBl KOMITO3UIIMM HA OCHOBE aMHUIO0aMHUHOB W MOTOpHOro Macia M-8B B
Pa3IUYHBIX MPOIEHTHBIX cooTHomIeHusx (95-15%). C menpto yaydiieHHs MOKa3aTesaen
KauecTBa JOPOKHOTO OWTyMa OTH KOMIIO3UIIMK OBUIM HCIIOJIE30BAHBI B  KadeCTBE
BBICOKOKQUECTBEHHBIX MPUCATOK K TOpOoKHOMY OuTymy. C 3TOi 1LI€NbI0, IPUTOTOBICHHBIE
kommo3uru B konmdectee 0,4% u 0,6% Obutn m00aBieHB K OMTYMYy. YCTaHOBIEHO, YTO
no0aBieHHe K OUTyMy MajblX KOJIMYECTB 3TUX KOMIIO3MIIMNA WM3MEHseT aare3uto ¢ 3 a0 1
Oana. Ccpliasich Ha IOKa3aTeNd KayecTBa OUTyMa MOKHO OTMETHUTb, YTO INPHU J100aBIECHUU
0,4% u 0,6% npuroTOBICHHBIX KOMIIO3UIIMH HAa OCHOBE CHHTE3UPOBAHHBIX aMHJIO0AMHHOB
npu cootHomennn CHK:IIDITA = 5:1monms n MoTopHOTO Macina M-8B ¢ xoHueHTparusiMu
5+15% x 6GuTyMy pe3ynabTaThl YIy4lIaroTCs.

ABSTRACT

STUDY OF COMPOSITIONS OF SYNTHETIC PETROLEUM ACIDS BASED
ON AMIDOAMINES AND M-8B (AVTOL) MOTOR OIL AS ADDITIVES TO ROAD
BITUMEN

Afandiyeva L.M., Aliyeva L.1., Musali V.X., Nasibova G.Q., Askerova S.Y., Abbasov
V.M.

Amidoamines were synthesized based on synthetic petroleum acids (PEPA) and
polyethylene polyamine (PEPA) in a molar ratio (1: 1-6 :1). Compositions of a mixture of
synthesized acids and motor oil M-8B in various percentages (95-15%) were prepared. In
order to improve the quality indicators of road bitumen, these compositions were used as high
quality additives to road bitumen. For this purpose, the prepared compositions in the amount
of 0.4% and 0.6% were added to the bitumen. It was found that the addition of small amounts
of these compositions to bitumen changes the adhesion from 3 to 1 point. Referring to the
quality indicators of bitumen, it can be noted that adding 0.4% of the prepared compositions
based on synthesized amidoamines at a SNK: PEPA ratio of 5:1 mol and M-8B motor oil with
concentrations of 5 + 15% the results are increasing.
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MYRISTIC ACID AND DIETHYLENE TRIAMINE

Zarbaliyeva I.A. Nabiyeva H.T. Alimova A. N.

Y.H.Mamedaliyev Institute of Petrochemical Processes of the
National Academy of Sciences of Azerbaijan, Baku, Azerbaijan
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Abstract

In this research work one of the most important components using as cleaning agent for
oil spills have been synthesized and studied. The salts have been produced using myristic acid
and diethylene triamine at different mole ratios. The reaction schemes and conditions have
been given. The structure of the salts have been confirmed using IR-, NMR- and UV-
spectrometers. The surface activity parameters of the salts have been learned comparatively
and at the end analyzing the parameters separately final recommendations have been given
about application areas.

Xiilasa

Bu todqiqat isindo neft dagilmalar1 zamani vacib olan on 6nomli neftyigici maddalor
sintez olunmus vo Oyronilmisdir. Miristin tursusu vo dietilen triamindon istifads edarok
miixtalif nisbatlordo duzlar alinmisdir. Reaksiyanin sxemi vo soraiti verilmisdir. Duzlarin
qurlusu IQ-, NMR- vo UB- spektrometrlorlo tosdiglonmisdir. Duzlarin sathi aktivlik
parametrlori miiqayisoli sokildo Oyronilmis vo parameterlorin analizi naticasinds totbiq
sahaloari ilo bagli son tokliflor verilmisdir.

AHHOTaNus

B aroif uccnenoBarensckoir paboTe ObUIM CHHTE3UPOBaHbBI W M3YYEHbl OJIMH U3
BAKHEHIINX KOMIIOHEHTOB, HCIIOJIb3YEMbIX B Ka4ECTBE OUYMIIAIOIIEIO CPEICTBA OT Pa3JINBOB
Heptn. Conm ObUIM TOJY4YEHBl C UCIOJb30BAHUEM MHUPHCTUHOBOM  KHUCIOTBI U
JUATWICHTPUAMHMHA B PA3JIMYHBIX MOJIBHBIX COOTHOULICHUSX. IIpuBENEHBI CXEMBI U yCIOBUSA
peakumii. CrpykTypa conedl mnoarBepxkaeHa c¢ nomombo HWK-, SAMP- u  YO-
CHEKTPOCKOMUYECKOro Meroia. IlapameTpbl MNOBEpXHOCTHOM AaKTUBHBIX coJied ObLIH
CPAaBHUTENBHO H3y4Y€HBbl M, AaHAJTU3UPYys MapaMeTpbl ObLIM MPEII0KEHbl B Pa3IMYHbBIX
00JacTsX TpUMEHEHUSI.

Introduction

Substances such as short-chain greasy acids and alcohol are solvent in both water and
oil (e.g. paraffin hydrocarbon) solvents. The hydrocarbon portion of
the particle is dependable for ~ its  solubility in  oil, whereasthe polar -COOH
has adequate partiality for water to drag a short- length non-polar hydrocarbon chain
into fluid arrangement with it [4, p.6-14]. The circular portion of the particles speaks to the
hydrophilic polar head gather and the wayward portion speaks to the non-polar hydrocarbon
chain. Surfactants also known as surface—active compounds are amphipathic and
amphiphilic particles comprised of a nonpolar hydrophobic portion, which is joined to a polar
or ionic portion (hydrophilic)  [1,p.3-48].  Surfactants lower the surface and
interfacial pressure between two media since of their particular characteristics. At the
interface, surfactants align themselves so that the hydrophobic part is in air (or oil) and
hydrophilic part in water. [2,p.14-19]. There are diverse application areas of surfactants. This
is explained with the important ability of surfactant. Researchers have gotten important comes
about from utilizing greasy corrosive and amines as reactants [3,p.24-34]. The show work
is devoted to obtainment and consider of unused surfactants based on myristic acid and
diethylene triamine.
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Experimental Part

Myristic acid diethylene triamine was carried out at 75-80°C during 10-11 hours at
equimolar ratio. The other salt was obtained at 2:1 ratio of myristic acid and diethylene
triamine. The reaction continued 10-11 hours at 70-85 °C. The final product at equimolar ratio
was whitish and like frozen fatty oil while for the second product it was light orange and also
like frozen fatty oil.

The reaction mechanisms are as below:

NH;-(CH;),-NH-(CH;)2-NH; + C13Hy-COOH — NH;-(CH,),-NH-(CH; ),-NH2 -HOOC-C3Hy

Salt 1
NH;-(CH; »-NH-(CH;)»-NH: + 2C:H;-COOH  —— NH,-(CH,);-NH-(CH; ).-NH;
C13Hz-COOH HOOC-Cy3Hzy
Salt 2

The first product is more soluble in water at room temperature than the second one.

Surface tension (y) values were determined by using a KSV Sigma 702 tensiometer
(Finland). Different concentrated solutions between 0.0002-0.006 mol/l approximately have
been prepared and surface tension of them have been measured at water-air border.

Results and Discussion

One of the most important properties of surfactant are surface-activity. This property
has been learned using Tensiometer. The solutions of different concentrations have been
analyzed and the graph of y (surface activity) versus ¢ (concentration) have been plotted in
Figure 1. Besides that the surface activity parameters have been calculated.

Critical Micelle Concentrations (CMC) of the obtained salts were determined as
0.75*10™ and 1.51*10 mol/l respectively. Besides that,y ., surface pressure (mcuc), Cao
(the concentration for decrement of y by 20 mN/m), adsorption efficiency (pC20 = —logC»o),
as well as CMC/Cy (interfacial activity) parameters of obtained surfactants were determined.
Maximum surface excess concentration (I;,,4,) and minimum area of one surfactant molecule
at water-air border (A,,;,) Were calculated using the given equations.

. dy
Tmax = n+*RxT ¥ cllgtl/lc dinc
where n is the number of dissociated ions which is 2 and 3 respectively for Salt 1 and Salt 2,
R is universal gas constant (8.314 J/mol*K) and T is absolute temperature;
1016
Amln NA * Fmax
Surface activity parameters for two salts are shown in Table 1.

98



Figure 1. Surface tension at water-air interface versus concentration of the obtained salts at

20°C
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Table 1.
Surface activity parameters of the synthesized surfactants
Surfactant CMC*10* | yeme | meme | C20¥10* [ pCoo | CMCI | [0, *10° | A1, *10°
(mol/L) (mN,m) | (mN,m) | (mol/L) Cx | (mollcm?) | (nm?)
Salt 1 0.75 25.84 | 46.54 0.040 [4.12 |18.83 |0.74 225.77
(20°C)
Salt 2 151 28.37 | 44.01 |0.076 3.82 | 20 0.67 248.23
(20°C)

Analyzing the parameters included in the table above Salt 1 has higher CMC and
while Salt 2 has larger surface area of one molecule. This can be explained with the different
solubility characteristics. It is valuable to note that surface tension of Salt 2 can be measured

at higher temperature at which this product shows better solubility property.

3. Zarbaliyeva
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Neft emal1 sonayesinds daha agir vo yiiksok miqdarda kiikiirdo malik neftlorin emala colb
olunmasi ilo neftin emal dorinliyinin artirilmasit vo ixrac olunan neft mohsullarinin
keyfiyyotinin yiiksoldilmasi osas mosololordon biri olaraq qalir. Agir neft xammalin
hidrokrekingi neft emli sonayesinin gostorilon toloblorini 6doyir ki, bu da hidrokreking
prosesinin giiclinlin artmasina sobab olur. Masolon, Rusiya FR-o moxsus neft emal1 sirkotlori
2020-ci ilodok 10 hidrokreking qurgusunun istifadoyo verilmosini layihologsdirmisdir [1].
Hidrokreking proseslori arasinda yiiksok keyfiyyatino vo onlara olan yiiksok tolobata goro
kerosin vo dizel fraksiyalarinin osas mohsul qismindo alinmasina istigamatlonmis proseslor
daha cox maraq kosb edir. Hidrokreking proseslorihom reagent vo mohsul axininin togkili, hom
do prosesin soraiti vo ona uygun olaraq istifado edilon katalizatorlarin xtlisusiyyatlorino goro
forqlonir. Masalon, birmarhololi hidrokreking prosesinds yalniz hidrogen sulfidine doziimlii
katalizatorlardan istifado etmok miimkiindiir, yenidon istifado variantli hallarda iso kiitlovi
polinaften molekullar1, xiisusilo politsiklik kondenslogmis aromatik birlogsmalorin ¢evrilmasini
tomin edon katalizatorlardan istifado etmok wvacibdir, belo ki, oks halda bu birlogsmolorin
resirkulyasiya edon qaligda yigimi bas veracok, bu da konversiyanin azalmasina,
katalizatorlarin islomo miiddotinin diismasino vo hotta qurgunun siradan ¢ixmasina sabob ola
bilor [2,3]. Istonilon variantli hidrokreking zamani arzu olunmaz qarisiglardan tomizlonmaosi
ticlin xammal ilk ndvbodo qoruyucu tobogonin katalizatorlar1 iizorindon kegirilir, sonra
hidrotomizlonmays moruz edilir vo yalniz bundan sonra hidrokreking olunur.

Hesab edilir ki, hidrokreking katalizatorlarinda krekinq funksiyasini dastyicinin tursu
markozlori yerina yetirir. Lakin [7-8] islorindo tursu morkazlorinin sulfid komponentlorinin
hissociklori iizorindo do mévcud ola bilmasi vurgulanmisdir. [8] isindo gostorilmisdir ki,
WS,/Beta katalizatorlarinda volframimn miqdariin artmasi ilo giiclii tursu morkozlorinin
miqdari, eyni zamanda oksigenin udulmasi vo hidrokreking zamani kumenin aktivliyi
maksimumdan kegir (torkibdo 17% W olmasi zamani). Miisahido edilon asililiq belo izah
edilmisdir ki, volframin Beta seoliti iizorino ¢okilmasi seolito moxsus tursu markozlorinin
miqdarinin azalmasina, eyni zamanda WS; ilo bagli olan tursu qruplarinin yaranmasina da
sabob olur, bu qruplar hidrogen miihitindo formalasan — SH qruplarina aid edilir. Bundan
olavo, katalizatorun sulfid komponenti tizarinds krekinginin dolayi siibutlari, anilin istirak ilo
NiW/SiO,-Al,O3 katalizatoru tizorindo dekanin hidrokrekingi ilo gdstorilmisdir [9].

Toqdim edilon mogalodo goriilon isin mogsadi Baki neftlorindon alinan vakuum
qazoylunun laboratoriyada modifikasiya edilmis Ni, Mo torkibli aliimosilikat katalizatorunun
istiraki ilo hidrokrekingini apararag, ekoloji tomiz dizel yanacagi vo Katalitik kreking prosesi
tiglin yiiksokkeyfiyyatli xammal almaqdir. Vakuum gqazoylunun hidrokrekingi 3-8 MPa
tozyiq, 400-450 °C temperatur intervalinda, hocmi stirat 0,7-2,0 saat®, Hy: xammal 1000 /I,
reaktorunun hocmi 200 ml olan axar tipli Macar qurgusunda aparilmigdir. Prosesdon alnan
hidrogenizat atmosfer-vakuum qurgusunda qovularaq benzin (q.b.-200 °C), dizel fraksiyasi
(200-360 °C) va qaliga > 360 °C ayrilaraq hor bir fraksiya ayri-ayriliqda todqiq edilmisgdir.
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Ni vo Mo metallariyla modifikasiya edilmis aliimosilikat katalizatorunun istiraki ilo
vakuum gazoylunun hidrokrekingi prosesine tozyiqin tosiri todqiq edilmisdir. Tozyiqin
hidrokreking prosesins tasisri 3-8 MPaintervalinda 6yronilmisdir. Alinan naticalorin analizi
gostorir ki, hidrokrekinq prosesinda tozyiqinazalmast xammalin  pargalanma,
hidrokiikiirdsiizlosma vo hidrogenlogmo dorinliyindo azalmaya sobab olur. Beloliklo, tozyiq 8
ilo 3 MPa arasinda doyigdikdo, hidrogenolizin torkibinde kiikiird birlogsmalarinin ¢evrilmo
doracosindoki doyisikliklor araligr 94.5-92% -dir, bu da cevrilmonin asagi doyorindo belo
hidrogenizatdaki kiikiirdlii birlosmsalorin miqdarinda lazimi azalmani tomin edir. Tozyiqin
azalmas1 xammalin parcalanma dorinliyino daha chomiyyatli tosir gostorir.

Baglangic xammalin torkib hissolorinin  hidrogenlogsmo  dorinliyine  tozyiqin
azalmasinin tosiri daha ¢ox 6ziinii gostorir: belo ki, prosesi 3 MPa tozyiq altinda apardigda
hidrogenizatin torkibindo aromatik karbohidrogenlorin konsentrasiyasini oks etdiron
sulfatlasan karbohidrogenlorin miqdari, 8 MPa tozyiqde aparilan proseslo miiqayisade ~% 9
hacmindos artir.

Tozyiqin vakuum qazoylunun hidrokrekingi prosesino tosirinin naticolorino osason
miloyyon edilmisdir ki,tozyiq 3 MPa-dan 5 MPa-ya qodor artdiqda dizel fraksiyasinin ¢iximi
35 %-don 44% kiitloys qodor artir. Tozyiqin sonraki 5 MPa-dan 8 MPa-ya artimi dizel
fraksiyasinin ¢iximinin 48%-dok artmasina sabab olur. Yoni comi 4 % artim miisahids olunur.
Tazyiqin 5 MPa-dan 8MPa-ya artirilmasi kapital xarclarinin nisbaton artmasina sabab oldugu
ticlin hidrokreking prosesini 5 MPa-da aparilmasit magsodouygun hesab edilmisdir.

Beloliklo, Baki neftlori qarisigindan alinan vakuum gazoylunun Ni, Mo metallar1 ilo
modifikasiya edilmis aliimosilikat katalizatorunun istiraki ila hidrokrekingindan 44-48% kiitlo
dizel fraksiyasinin vo katalitik krekeking prosesi ticiin xammalin alinmasiin miimkiinliiyii
gostorilmigdir.
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Tezisdo Baki neftlori garisindan alinan vakuum gazoylunun Ni, Mo-lo modifikasiya edilmis
alimosilikat katalizatorunun istirak: ilo hidrokrekingi prosesina tozyigin tasirinin naticalori
verilmisdir. Tazyiqgin hidrokreking prosesins tosisri 3-8 MPa intervalinda Gyronilmisdir.
Miioyyon edilmisdir ki, tozyiq 3 MPa-dan 5 MPa-ya qodor artdiqda dizel fraksiyasinin
ciximi 35 %-don 44% kiitloys godor artir. Tozyigin sonraki 5 MPa-dan 8 MPa-ya artimi
dizel fraksiyasinin ¢iximinin 48%-dak artmasina sobob olur.

STUDY OF THE EFFECT OF PRESSURE ON THE HYDROCRAKING
PROCESS OF VACUUM GASOIL

G.S. Mukhtarova, R.A.Guliyeva, Z.A. Gasimova, R.i.Huseynova

Y.H. Mammadaliyev Institute of Petrochemical Processes of ANAS
Baki, Khojalyav., 30, Az 1025
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The article presents the results of the effect of pressure on the hydrocracking process of
vacuum gas oil (obtained from Baku oils mixture) in the presence of aluminosilicate
catalyst modified with Ni, Mo. The influence of presure on hydrocracking process was
studied at the range of 3-8 MPa. It was revealed that the yield of diesel fraction increases
from 35 % to 44% wt. with growthing of pressure from 3 MPa to 5 MPa. The output of
diesel fraction growths to 48% with further increasing of pressure from 5 MPa to 8 MPa.

HNCCIEJOBAHUE BJIMSAHUSA JABJIEHUSA HA ITPOLECC
T'MJIPOKPEKHUHI'A BAKYYMHOI'O T'A30MJIA
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B Te3uce mnpencraBieHbl pe3yabTaThl MCCIEAOBAaHWS BIWSHUS JAaBJIEHUS Ha TIPOLEecC
THAPOKPEKUHTa BaKyyMHOTO Ta30ilii M3 CMecH OakWHCKMX HedTHEeH ¢ ydacTueM
AITIOMOCHJIMKATHOTO KaTaim3aTopa, MoaudunupoBanHoro Ni, Mo. BiusHue nasneHus Ha
MpolecC THIPOKPEKUHTa UcclenoBanu B quana3one 3-8 MIla. beiio oO6HapykeHO, 4yTO mpu
yBenudyeHuu nasienust ¢ 3 MIla qo 5 MIla Beixoa nu3enbHON (Gpakivyd yBEIMUHUBACTCS C
35% no 44% wmac. IloBblmenue naenenus co cieayromux 5 Mlla nqo 8 Mlla yBennuuBaer
BBIXOJT AU3eNIbHON dpakiuu Ha 48%.
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OKCHUITPOIIMJIINPOBAHUA UMHIA30/IMHA HA OCHOBE
ANCTUIIVIMPOBAHHBIX TPUPO/HbBIX HE®@TAHBIX KUCJIOT U
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Agar sozlar: propilen oksidi, imidazolin, sathi-aktiv birlosmalor, oliqgomerlosmo

Kak u3BECTHO, OKCHAIKHIMPOBAHHBIC AMHHBI HAXOJSIT MIMPOKOE TPUMEHEHUE B
KayeCTBE aHTUKOPPO3MOHHBIX MPHUCAI0K K MacjiaM U Pa3IMYHbIM TOILIMBAM, MOBEPXHOCTHO-
AKTHUBHBIX BEIICCTB, B ()apMalleBTUYECKON MPOMBIIIJICHHOCTH, a TAKXKE BO MHOTHX OTPACIIX
HapOAHOro Xo3siiicTBa. Tak HampuMmep, MacjIOpacTBOPUMBIE OJUTOMEPHl  (PEHOIBHBIX
coenunenuil /penona, m-ankun(Cg-Ciz)peHonon/ u 6enzoryanamuna (1,3-muamMuH-5-GeHmI-
2,4,6-TpuazuHa) ¢ OKCHJOM IMpPONWJICHA, a TaKKe CaMOro OeH30ryaHaMHWHA C OKCHJIOM
nporwmieHa (OII) [1, 2] pekoMeHayIOTCSI B KaueCTBE MPUCATOK PA3JIMYHOTO HA3HAUYCHUS B
COCTaBe MOTOPHOTO M HWHAYCTpUadbHOrO Macenl [3]: MNpOTUBOM3HOCHBIE, MOIOIINE,
AHTUMHUKPOOHBIC, NIEMPECCOPHBIC, AHTHOKUCITUTEIBHBIC U T.]I.

['onoBoit 00beM MOTPeOICHHS] OKCUATKUIMPOBAHHBIX AMUHOB B MUPE 110 UMEIOIIUMCS
JaHHBIM [4] TpeBbILIAET 7 MJIH. TOHH B TOJI.

B uacTHOCTH, OKCHUIPONWIMPOBAHHBIE AaMHUHBI YCICIIHO MPUMEHSIOTCS U
JTUKBHJIAIUN TOHKUX HEPTIHBIX TUIEHOK C BOJIHOW IMOBEPXHOCTH, SBIISIOIIUXCS ITOCIICICTBUEM
pa3nuBoB HeTH U HedTenpoAaykToB [5-7]. IlocnencTBus MoJO0OHBIX aBapUMHBIX CHUTYalUl
pu A00BIYE U TPAHCTIOPTHPOBKE HEPTH MO BOJHBIM MTOBEPXHOCTSIM HAHOCAT OOJIBIIION BPE/,
KaK MOPCKUM OpraHu3MaMm, TaKk U 37J0pOBbIO Jrofieil. CephE3Hble YOBITKM TEPIHT TaKkKe U
MUpOBass dKOHOMHKA. [lo 93TOH mNpUYMHE TOWCK HOBBIX BEIIECTB CXOXEro COCTaBa,
00Ja1al0UX OJHOBPEMEHHO THIPOPUIBHBIMH ¥ TUIPO(GOOHBIMU TPYIIIAMU B COCTaBE
MaKpOMOJIEKYJI, IPEACTABIISAETCS aKTyaJIbHOU MPOOIEeMO.

[Ipecnenyss 9Ty 1enb, OBUIM CHHTE3UPOBAHBI NPOAYKTHI OKCHUIPOMMJIUPOBAHUS
UMUJA30JIMHA Ha OCHOBE JUCTWUIMpPOBaHHbIX He(pTsaHbix kucior (UAIIHK) wu
nonudTHieHnonuamMutoB (II911A) — mpu monsHOM cooTtHomenun JITHK x TIDITA 3:1.
OkcunponuiaaTel MOJYYEHBl B PEAKTOPE Kayarollerocsi aBTOKJIaBa IMPU OJHOBPEMEHHOM
HarpeBaHUU JI0 Hayala MaJeHUs JaBJICHUS, YTO CBUICTENLCTBYET O 3aBEPIICHUH PEaKIUU.
Becs nportecc mymarcest ~ 4-5 4.

bbumn  THIaTeNhHO WCCIEAOBAaHBI  (DPH3UKO-XMMHUYECKHE CBOWCTBA  TOMYyYSHHBIX
onuroMepoB. OHU TPEACTABIAIOT COOOW BSA3KME, TEKy4yhe MPU KOMHATHOW TemrmepaType,
TEMHO-OypBIe KUIKOCTH. [lokazaTenn MpenoMIICHHS] OKCUIIPONMIATOB, TOJYyYEHHBIX IPH
MOJILHOM COOTHOIICHMM WMHUJA30JIMHAa K oOKkcuay mpomnuieHa 1:(5-40), xoneGmroTcs B
npeaenax nD2° = 1.4951 — 1.4525. OTHOCHUTENbHASA IUIOTHOCTH MEHSIETCS COOTBETCTBEHHO B
WHTEpBaje d420 = 1.027 — 0.992. B uenoM ¢ yBeNTWYEHHEM MOJBHOTO KOJIHYECTBA OKCHJA
MpoMuIeHa HaOMIOAAeTCs  YMEHBIICHME 3HAUYeHWM  TOKa3aTelsl  MPEJOMIICHUS U
OTHOCHUTEINIbHOM IMIIOTHOCTH B PSAY MOTYUYEHHBIX TPOAYKTOB.

MaccoBbie J07M HENETYyYHWX BEHIECTB B COCTABE CHHTE3UPOBAHHBIX OJUTOMEPHBIX
coenuHeHui O6buH ompenenensl cormacHo [[OCT 31939-2012. B ocHOBHOM MOKHO OTMETUTh
00paTHYIO 3aBHCHMOCTh COJIEpKAHUSI HEJIETYYMX BEIIECTB MPH BO3PACTAaHWU YHUCIIA MOJIEH
OKCHJA INIPONWJIEHa B OJIUroMepHoM mponaykre. Camoe Bbicokoe 3HaueHue 98.05%
3a(UKCHPOBAHO TMPU MOJIBHOM COOTHOIIEHWH HMHUAA30JIMHA K OKcuay mporuieHa 1:10.
Camoe Hu3koe 3HaueHue 57.58% - npu 1:40.

M3-3a HECKOJIBKO TYCTOH KOHCHCTEHITUH MPOYKTOB OIPEICICHIEe UX KHHEMAaTHICCKIX
Bs3kocTeid mpu 20°C oka3anoch 3aTpyJHUTENBHBIM, TaK HAMpUMep, OJUH H3 OJIUTOMEPOB
(MonmpHOE cooTHomeHne umumazoinumHa Kk OIl 1:20) Beimanm caumkoM OOJBINIOE 3HAYCHUE:
958.74 mm/c. Tlo oroii MPUYUHE BSI3KOCTU OCTAJIbHBIX OKCHUIPONMIATOB (PUKCUPOBAIU IMPH
40°C Ha npubope StabingerSVM — B mpenenax or 42.971 mm%/c (1:25) mo 373.58 mm%/c
(1:15). OTuéTnuBOii 3aKOHOMEPHOCTH TPU 3TOM HE HAOII0IaeTCs.

C yBennueHrneM MOJIBHOTO CO/Iep KaHMsI OKCHJIA MPOTUJIEHA TPOCIIEKUBACTCS 3aMETHOE
YMEHbBIIIEHHE TEeMIIEPaTyphl 3acThIBAaHUS. Tak, OJMTOMEpPHBIE OKCHITPOMHIATHI, TOTy4YeHHBIC
MpY MOJBHOM COOTHOLIEHHH uMmunazoiuHa k OII 1:5, uMeroT Temmeparypy 3acThIBaHUS
+6°C pas, a npu 40 momsax OII stor mokasarens 3HauuTenbHO Huxke: -30°C. Ilputom,
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MOJIyYEHHBIE  OKCHUIIPOMMJIATHl  JEMOHCTPUPYIOT JOCTAaTOYHO HHU3KHE TEMIEpaTyphl
3aCThIBAaHUSI HAYMHASL C MOJBHOIO COOTHOLIEHHUS MMHAA30JMHAa K OKCUJY NPOIMUIIEHA yXKeE C
1:25 (-24°C).

CHHTE3UpOBaHHBIE OJIMTOMEPBI IIOJHOCTBIO PACTBOPSIOTCS B TaKUX IOJSPHBIX
pPacTBOPUTENSAX, KaK ATHIIOBBIA, U3OMPOMUIOBBINA, OyTUIOBBIN CIUPTHI, TUMETHI(HOPMAMU/I.
W3 yucna HEMOJSIPHBIX PACTBOPHUTEICH OJUIOMEpPHI PACTBOPSIOTCS B TONyolie, OCH3MHE U
KepOCHHE — B IOCIEAHUX JIBYX IIOJJHO€ pacTBOpeHHE HaOI0aeTcs B pacTBoOpax C
koHUeHTpauued 10 0.5 %, BbIIE IPOCIEKUBACTCS HAIMUUE HEPACTBOPEHHBIX YACTULL.
Bo3MoxHO, 3TO CBSiI3aHO C HaiauuueM Oosiee BBICOKOMOJEKYISPHBIX OJUTOMEPHBIX
MakpOMOJIEKYJ B COCTaB€ KOHEYHOIO MpOoAyKTa. B yaliT-cnupure TakXKe MPOUCXOAUT
YaCTUYHOE PACTBOPEHHE C BHINAJICHUEM OCaJIKa.

Brlmeonucannsie OKCHUIIPOIIMIIATHI MMUJA30JIMHA JEMOHCTPUPYIOT
HepTeaucneprupyomue u HedrecoOuparonye CBOWCTBA M B  HAcTOslIee BpeMs
MOJIBEPTalOTCS HCOBITAaHUSIM Ha HPUTOJHOCTH JUIsI cOOpa TOHKMX HE(QTSHBIX IUIEHOK C
MOBEPXHOCTHU BOJIBI.
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PU3UKO-XUMHUYECKHUE CBOMCTBA ITPOJYKTOB
OKCHUITPOIIMJIIMPOBAHUA UMHIA30IMHA HA OCHOBE
ANCTUIIVIMPOBAHHBIX ITPUPO/JHBIX HE®TAHBIX KUCJIOT U
MHOJIMITUJIEHIIOJIMAMUWHOB

Mameoszaoe D.A.
Pe3rome

HOJ’Iy‘-IeHBI HOBBIC ITOBCPXHOCTHO-AKTUBHBIC COCAWHCHUA OHHFOMepI/ISaHHeﬁ OKCHJa
MMpoNnuJcHa U UMHUJIa30JIMHA Ha OCHOBC NUCTUJUIMPOBAHHBIX ITPUPOJHBIX HC(pTHHBIX KHCIIOT C
MOJINDTUIICHIIOJIMaMHUHAMH. Onpez[eneHH ux (1)I/ISI/IKO-XI/IMI/ILIGCKI/Ie CBOfICTBa, TaKH€ KakK
KHMHCMATHUYCCKAasA BA3KOCTb, TCMIICpATypa 3aMCp3aHUud, COACPKAaHHUC HCICTYYHUX BCIICCTB,
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PacTBOPUMOCTb B MOJIAPHBIX W HCIOJIAPHBIX PACTBOPUTCIIAX, OTHOCHUTCIbHAA IIJIOTHOCTH U
T. 1.

PHYSICOCHEMICAL PROPERTIES OF OXYPROPYLATION PRODUCTS OF
IMIDAZOLINE BASED ON DISTILLED NATURAL PETROLEUM ACIDS AND
POLYETHYLENE POLYAMINES

Mammadzade F.A.,
Summary

New surface-active compounds have been obtained by oligomerization of propylene
oxide and imidazoline based on distilled natural petroleum acids with polyethylene
polyamines. Their physicochemical properties, such as kinematic viscosity, freezing point,
mass fraction of non-volatile components, solubility in polar and non-polar solvents, relative
density and etc., have been determined.

DISTILLO OLUNMUS TOBIii NEFT TURSULARI iL9
POLIETILENPOLIAMINLOR 9SASINDA iMiDAZOLINLORIN VO PROPILEN
OKSIDININ OLIQOMER TOROMOLORININ FiZiKi-KIMYOVI XASSOLORI

Mammadzada F.A.
Xiilaso

Distillo olunmus tobii neft tursular1 vo polietilenpoliaminlor ssasinda imidazolinlarin
oksipropillosmasi ilo yeni sothi-aktiv maddslor sintez olunmusdur. Onlarin fiziki-Kimyovi
xassalori  toyin edilmisdir: kinematik ozlilik, donma temperaturu, ugucu olmayan
birlosmalorin faizlo miqdari, polyar vo geyri-polyar halledicilords hallolma, nisbi sixliq va s.

DIETANOLIZOPROPANOLAMIN VO DESILYODID OSASINDA YENIi iON-MAYE
TiPLI NEFTYIGICI REAGENT

Nasibova S.M.

Azorbaycan Milli Elmlor Akademiyasi Neft-Kimya Proseslori Institutu, Bak1
Acar sozlor: ion-maye, sothi-aktiv maddo, sathi gorilma, xiisusi elektrik kegiriciliyi,
neftyigma
KnawueBble ci10Ba: HOHHAS IKHIKOCTb, TOBEPXHOCTHO-aKTUBHBIC BEIIECTBO,
NOBEPXHOCTHOE HATSDKEHHE, Y/ICIbHAsK AJIEKTPOIIPOBOTHOCTD, HeTecoOupaHue
Key words:ionic liquid, surfactant, surface tension, electrical conductivity,
petrocollecting

Xiilasa

Dietanolizopropanolamin va desil yodid asasinda yeni kation-aktiv, ion-maye tipli sothi-
aktiv madds sintez olunmus, bu mohsulun qurulusu vo torkibi 1Q-spektroskopiya iisulundan
istifado etmokls tosdiq edilmis, bir sira fiziki-kimyavi gostaricilori vo eloco do laboratoriya
soraitinds minerallasma doracasi miixtalif olan sularin {izarindan nazik neft tobagasini kanar
etmok gabiliyyati tadqiq edilmisdir.

Odobiyyat arasdirmalar1 gostorir ki, kegon asrin sonuncu onilliyindon baslayaraq
kimyacilarin ion-mayelorino artmaqda olan marag zoiflomir. Ion-mayelorin xassolorinin
miixtolifliyi, o climlodon iizvi, qeyri-iizvi, eloca do polimer maddalorini boyiikk miqdarda
6ziinds holl etmasi, geyri-korroziyaliligi, asagi 6zliiliiys malik olmasi vo buxar tazyiginin ¢ox
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asag1 olmasi, onlarm miixtalif neft-kimya sintezlori {igiin effektiv katalizator vo ekoloji tomiz
(“yasil kimya”) halledici kimi istifadasine genis imkan yaradir. Onlarin ¢oxfazali Kkatalitik
reaksiyalarda istifado edilmasi getdikco daha ¢ox maraq dairasine sobob olmusdur [1-4].
Onlar hamginin biokatalizda ifrat bohran halinda olan mayelarlo birgs totbiq oluna bilar [5].
Son illords ion-maye tipli sathi-aktiv maddslordon (SAM) neftlo ¢irklonmis su sathlorinn
tomizlonmasinda miivaffagiyyatlo istifado olunmasi imkanlar1 askarlanmisdir [6,7]. Biitiin
bunlar ion-maye tipli SAM-larin yeni niimayandalarinin sintezinin va xassalarinin tadgiginin
aktual oldugunu gostarir.

Toqdim olunan is dietanolizopropanolamin (DEIPA) va desilyodid asasinda ion-maye
tipli yeni SAM-1n sintezina Va Xassalarinin tadqgiqina hasr olunmusdur.

Tacriibi hissa

DEIPA - Koreya Respublikasinin “Green Chemical Co., Ltd.”-nin tomizlik doracosi
98% olan mahsuludur.

Desilyodid - “Pub Chem” sirkatinin tomizlik daracasi 98 % olan mahsuludur.

Almmis maddoenin 1Q-spektri ALPHA spektrometrinds (Bruker, Almaniya) 600-4000
sm* dalga odadi diapazonunda ¢okilmisdir.

Maddonin sathi gorilms amsali (o) su-hava sorhodinds halganin qopmasi tisulu ilo
“Sigma 702 modelli tenziometrds (Finlandiya) toyin edilmisdir.

Mohlullarin elektik kegiriciliyi AHUOH 4120 (Rusiya) markali konduktometrin
kémoyi ilo toyin edilmisdir. Konduktometrin 6lgmo diapazonu 10* -10 S/m, &lgmo
temperaturu 0 — 100 °C, nisbi Xotas1 + 2 %-dir.

DEIPA vo desilyodid osasinda ion-maye tipli SAM-in sintezi maqnit qarisdiric
yerlosdirilmis hermetik bagl stiso reaktorda 110°C temperaturda 2 saat miiddstinds intensiv
qarigdirma yolu ilo hayata kegirilmisdir. Son mohsul reaksiya qarisigindan kristallagdirma
tisulu ilo tomizlonir.

Sintez edilmis yeni reagentin laboratoriya soraitindo neftyigiciliq qabiliyyati Pirallahi
neftindon istifado etmoklo minerallasma dorocasi miixtalif olan tig tip su (distills, igmali vo
doniz) sothinds nazik (qalinligi 0.17 mm) neft tobagosi lizorindo dyronilmisdir. Reagentdon
5%-li sulu mohlul soklinds istifado edilmisdir. Reagentin effektivliyini xarakterizo edon
neftyigma omsali neft tobagasinin ilkin sahasinin, reagentin tasiri ilo yaranmis neft lokasinin
sahasina olan nisbati kimi hesablanir.

Naticalar vo onlarin miizakirasi

DEIPA vo desilyodid osasinda 1:1 mol nisbotinda kvaternizasiya reaksiyasi ilo yeni
ion-maye tipli SAM - desildietilolizopropilolammonium yodid (DDEIPAY) sintez edilmisdir.
Reaksiyani sxematik olaraq asagidaki kimi tosvir etmok olar:

(C2H4OH)2C3H60HN + CioHoJ — (C2H4OH)2C3HGOHN+(C10H21)J_

Alinmis son mohsul soffaf, agig-sar1 rengli bala banzor, 6zlii mayedir. Suda, etil
spirtindo, etilasetatda, asetonda yaxsi hall olur. Xloroformda gismon hall olur. Siiasindirma
omsal ng® 1,4975-dir. Sulu mohlulu ¢alxalayarkon giiclii kopiiklanir.

Sintez edilmis DDEIPAY-in strukturu IQ-spektroskopiya iisulu ilo identifikasiya
edilmisdir. Spektrdo 3343 sm™-do O-H rabitosino aid valent ragslari, 2955, 2923, 2851 sm™-
do CHs; vo CH, qruplarina aid C-H rabitesinin valent rogslori, 2627sm™-do ammonium
qrupuna aid udma zolagi, 1632sm™-do N-H  rabitssinin deformasiya rogslori vo 1064 sm™-
da isa C-O rabitasinin valent rogslori miisahido olunur.

DDEIPAY-1n sothi aktivliyi 24°C-do, maddonin miixtalif qatilight sulu mohlullarinin
su-hava sarhadinds halganin qopmasi tisulu ils toyin edilmisdir (cadval 1).

Codval 1.
DDEIPAY-in sulu mohlullarmin hava ila sarhaddo sathi gorilma omsalinin giymotlori (24°C)
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Mohlulun gatilig1,% kiilto

001 [0025 ]005 [007 |01 0.2 |05 [ 0.7 | 1.0
Sothi goarilmo amsali, mN/m
485 [45.3 408 [366 [328 [207 [272 [263 [254

Coadvaldon goriindiyii kimi, yeni ion-maye tipli SAM yiiksok sothi aktivlik niimayis
etdirir. O, su-hava sorhadinds o-n1 1% qatiligda 72.0 mN/m-don (SAM olmadiqda) 25.4
mN/m-5 godoar asagi endirir.

Yeni ion-maye duzun elektrolit xassali olmasi, onun miixtalif qatiligqlarda
hazirlanmig sulu mohlullarmin xiisusi elektik kegiriciliyini konduktometriya tisulu ila toyin
etmokls tasdiglonmisdir. Noticalor cadval 2-dos verilmisdir.

Cadval2.DDEIPAY-in xiisusi
elektrik kegiriciliyinin giymatlari (24°C)
Mohlulun gatilig, % kiitlo
0.005 [0.0125 [0.025 [0.0375 [005 [01 [045 [025 |05
Xiisusi elektrik kegiriciliyi, mkS/sm
300 485 |675 |884 119.1 [220.0 [345.0 [7450 [1230.0

Codvoldon goriindiiyii kimi, yeni ion-maye tipli SAM yiiksok elektrik kegiriciliyino
malikdir. Qeyd etmak lazimdir ki, su {i¢iin bu komiyyat 3-4 mkS/m-a barabordir.

Alinmis yeni reagentin laboratoriya soraitinds tatbiq sahoalori do todqiq edilmisdir.
Tadgiqatlar minerallagsma doracasi miixtalif olan {i¢ su (distilla, igmali, doniz) sathinin nazik
neft tobagosindon tomizlonmasi istigamatinds  aparilmigsdir. Miioyyon edilmisdir ki,
DEDIPAY her ii¢ suda giiclii neftyigma xassasi niimayis etdirir vo maksimal neftyigma
omsal1 40.5-dir. Reagentin tosir miiddati 5 giindon ¢oxdur.
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Institute of Petrochemical Processes of Azerbaijan National Academy of Sciences, Baku
Summary

A new cationic ionic-liquid surfactant was synthesized on the basis of
diethanolisopropanolamine and decyl iodide. The composition and structure of this product
was confirmed by the method of IR spectroscopy, a number of physicochemical parameters
were determined, and the petrocollecting capacity of the reagent obtained in relation to thin
films of oil on the water surface with various degrees of mineralization was studied in
laboratory conditions.

HOBBIA HE®TECOBUPAIOIINAN PEATEHT NOHHO-) KUIKOCTHOT'O THUIIA
HA OCHOBE JUI3TAHOJIM30IMIPOITAHOJTAMHWHA U JAEHHUWJINOANU A

Hacuoboea III.M.

Wucturyt Hedrexummueckux Iponecco Hammonansnoi Axagemun Hayk AzepOaiimxana,
baky

Pe3rome

Ha ocHoBe nauaTaHoNM30ONpONaHONaMHWHA MW JICHWIMOAMIA CHUHTE3UPOBAHO HOBOE
KaTUOHOAKTUBHOE MOHHO-XUJKOCTHOE IMOBEPXHOCTHO-AKTUBHOE BemecTBo. Metonom HMK-
CHEKTPOCKOMUU TMOATBEPKICH COCTaB UCTPYKTypa ITOrO MPOAYKTA, ONpeAesieH psia PU3NKO-
XUMUYECKHUX TTOKa3aTeliel, a TakKe B JaOOPaTOPHBIX YCIOBHIX M3ydeHa HedTecoOuparomnias
CIIOCOOHOCTh TOJIYYUEHHOTO peareHTa IO OTHOIICHWIO K TOHKUM IUIGHKaM HepTH Ha
MOBEPXHOCTH BOJI C PA3JIMYHON CTENEHbI0 MUHEPATU3ALINH.

MNOJYYEHUE U UCCIEJOBAHUE ITPOTUBOKOPPO3UOHHbBIX
CBOHCTB AJIKUWI®EHOJI®OPMAJIBJAEI UHBIX OJINTOMEPOB
MOANPULINPOBAHHbBIX UMHUJIA30JIMHAMMU HA OCHOBE
CUHTETHYECKUX HE®TAHbBIX KUCJIOT 1 IIOJIMAMHWHOB

Adboynnaesa H.P.,Amupacnanoea M.H, Anuesa JI.H.,
Ipenouesa JI.M.

Hanmonanenas Axanemust Hayk Azepbaiixana Mactutyr Hedrexumuueckux
[Ipoueccos
uM. akan. FO.I'. Mamenanuesa, r. baky

Acar sozlar: alkilfenolformaldehid oligomerlori, modifikasiya, sintetik neft tursulari,
poliaminlar, imidazolinlar, korroziya.

Key words: alkylphenol-formaldehyde oligomers, modification, synthetic petroleum
acids, polyamines, imidazolines, corrosion.

KawueBble ciaoBa: ankwideHonpopMaabAeTHIHbIE OJIUTOMEPHI, MOIU(pUKAIUS,
CUHTCTHUYCCKHUEC He(bTHHBIe KHCJIOTBI, ITOJIMAaMWHbI, UMHUJA30JIMHBI, KOPPO3UI.

Cpenu ¢enonpopmanbIerHIHBIX OJIUTOMEPOB, MOAU(DUIIMPOBAHHBIE T€TEPOATOMHBIMU
COCTMHEHUSIMU COJCpKAIllUMU  a30T, 3aHUMalT ocoboe wMecto. [1-3]. B pesymnbrare
MoguduKau  peHoAPOpPMaTbICTUIHBIX CMOJ  a30THBIMH  COETUHEHUsMHU Onaromaps
B3aMHOMY JICHCTBHIO ()YHKIIMOHAJIBHBIX IIEHTPOB JOCTHTACTCS IOJYYeHHE MaTepHajoB C
BBICOKMMH ITOKa3aTeNsIMH KauecTBa U YMEHbBIICHHOHN KOJIOTHYeCKOH BpeaHOCThI0. C 1ebio
NOJTY4eHHS HOBOTO PsAAa IMOJOOHBIX BBICOKOMOJEKYJISIPHBIX COCIMHEHUIl CHHTE3MPOBAHBI
Monoankui(Cg-Cio)benondopmansaerugasie  onmuromepsl  (ADDPO),  oboramieHHbIE
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MOJIAPHBIMUA aMUHHBIMU (parmMeHTamu. M3ydena ctpykrypa, pU3suKo-XuMHUYecKUe CBOMCTBA,
omnpeneneHa 3 peKTUBHOCTD, KaK KOMIIOHEHT KOHCEPBALMOHHBIX JKUIKOCTEH.

B kadectBe Moaumdukatopa ADPDO uCNONB30BaHBI WMHUJIA30JUHBI, MMOJTYyYEeHHBIE Ha
ocHoBe cuHTeTnYeckuX He(dTsHbX kuciaoT (CHK) u mnomuamuuoB (ITA). CuHTeTndeckue
HEe(TSAHbIE KHUCIOTHl TOJYyYEHbl KHCIOPOJHBIM  OKHCIIEHHEM HadTeH-napaduHOBBIX
YIJIEBOAOPOAOB, BBIACICHHBIX W3 AM3ENbHON (pakuuum cMmecu azepOailpkaHckux HedTeid,
KUISIIEH B HWHTEepBasie  Temmeparyp 217-349 °C B MPUCYTCTBUHU KaTajau3zaTopa -
nopotkooopasHoro rpadena Mmapku GNTM-1 [4-5]. UMuaa301HbI TOJYYCHBI B PE3yJIbTaTe
B3aumoeiictuss CHK u monmamuuoB - mudtunentpuamuHa ([IOTA), TpustunenteTpamuHa
(TOTA) u nommdtnennommamuuaoB (II9ITA). Tlpu BeIOOpe MOJBHBIX COOTHOIICHHIA
UCXOJHBIX KOMIIOHEHTOB MPEAYCMOTPEHO HAJIMYUE CBOOOJHBIX aMUHHBIX (ParMEHTOB B
cocTaBe MMMJA30IMHOB. Clie0BaTeNbHO, MOJIBHOE COOTHOLIEHHE KUCIOT K MOJMaMHHAM
coCcTaBisuUI0 B ciydae ucnosb3oBanus [IOTA u TOTA - 1:1, I[IDI1A - 1-2:1.

Cuntes AOPDO MOIUPUIMPOBAHHBIX HMHUAA30JIMHAMH  PAa3IMYHOTO COCTaBa
npoBoawics mnpu Temneparype 95-98°C. Ilpu nHaOmogeHUH B PEAKIMOHHON CMecH
MOMYTHEHHMI yKa3bIBaIOIIMX Ha 00pa3oBaHUE KOHICHCAIIMOHHBIX LIEHTPOB M 00pa3oBaHUE
OJIMTOMEPHOM LIeNU TeMIeparypa, noHmwkanzach 10 50°C npu KOTOpo#, B CUCTEMY 4YacTIMU
BBOJMJIM HEOOX0IMMOE KOJTMYECTBO UMUAA30JIMHA U BHOBB TeMIIepaTypa MOBbIIIaNachk A0 95-
98°C. Ilpu »aTOH TemmepaType peakmusl MPOJOJDKAIACH eIle HEOOXOJAMMOE KOJIUYECTBO
BpeMeHH 10  oOpa3oBaHusi  cMoibl.  M3ydeHsl  (PU3HKO-XMMHUYECKHE  CBOICTBa
MonupunupoBanabix ADDO. XopomuMm TmoKa3aTelieM CHHTE3WPOBAHHBIX OJUTOMEPOB
ABJIIETCS UX HEOTPAaHUYEHHAs paCTBOPUMOCTH B IMOJIIPHBIX U HEMOJSIPHBIX PAaCTBOPUTEIISX,
YTO SIBJISIETCS TJaBHBIM MapaMeTpPOM IMpPU  HUCIHOJB30BAHHSA MX B KauyeCTBE KOMIIOHEHTa
MUHepalbHBIX Macen. Ctpykrypa momudunupoBanHbix ADODO uccnenoBana merogom K-
cnektpockonun Ha LUMOS UK-®ypre mukpockone ¢upmsl BRUKER B amanazone
BOJHOBBIX uacToT 600-4000 cm™”. Ha OCHOBE pesymbTaToB aHANM30B CTPYKTYpy AD®DO,
MOJIUGUIMPOBAHHBIX WMHIA30JIMHAMH pa3nu4Horo cocraBa Ha ocHoBe CHK u ITA moxHO
MPEJICTaBUTh B CIIEAYIONIEM BUJIE:

OH OH OH
| N-CH2 CH2 CH2- NH-CHz-(le2
Ol +CH,0 +R-CZ | . ]
R R

| | ARG
R CH,CH,NH, NN-CH,

Hccnenoansl nHruoupytone cpoiictea AOPO MoAMPUIMPOBAHHBIX UMUJIA30JIMHAMU Ha
ocHoBe CHK u ITA B TypOunHOM Macie Mmapku T-30 B kommyectBe 5-10%. AnHamu3sl
npoBeneHsl coorBeTcTBeHHO ['OCT 9.054-75 (KoncepBamuoHHble Macia, CMa3Kd |
MHTUOMPOBaHHBIE MIIEHKOOOpa3ytolue HeTsIHbIE COCTaBbl) Ha cTalbHbIX MmactuHax 0810 B
KJIMMaTH4YecKoi kamepe «Corrosion Box» B pexume KOHACHCALMU BO3IyXa JIO TOSBICHUS
NEpPBbIX OYaroB KOPPO3UHU. YCTAHOBJIEHO, YTO NpH Jo0aBieHuu B TypOuHHOEe Macio T-30
ADDO wmomudpunmpoBanHoro wummpazoanHom Ha ocHoBe CHK u JIDTA B MoiapHOM
cootHomenun 1:1 (ma 1 wmomp ankundeHona 0,1 ™Momp UMHAA30IUHA)
IPOTUBOKOPPO3MOHHASL CTOMKOCTh YCUJIMBAETCS C YBEIUYEHHEM €ro IMpOLIEHTHOrO
cozepkaHus B macie u cocrasiseT 112 cyrok mpu 5% u 118 cyrok npu 10%, uto sBisercs
CcaMbIM BBICOKMM IIOKa3aTeJeM B CPAaBHEHUHU C KOMIO3MIMSIMH aHAJOTUYHBIX COCTaBOB Ha
ocHoBe apyrux [IA.
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INOJYYEHUE U UCCIEJOBAHUE ITPOTUBOKOPPO3UOHHbIX
CBOHCTB AJIKUWJI®EHOJI®OPMAJIBAEI UIHBIX OJIMTOMEPOB
MOIUDPULINPOBAHHbBIX UMHU/JIA30JIMHAMMU HA OCHOBE
CUHTETHYECKUX HE®TAHbBIX KUCJIOT U IIOJIMAMHUHOB

Aboynnaeea H.P.,Amupacnanoea M.H, Anuesa JI.H.,
Igenouesa JI.M.

Hanmonansnas Axanemust Hayk Azepbaitmxana Mactutytr Hedrexumuueckux
IIpoueccos
uM. akan. FO.I'. Mamenanuesa, r. baky

[IpoBenen mporecc wmomudukanuu — aaKuaHeHOTPOPMATBIETHIIHBIX — OJTUTOMEPOB
MMHIa30JIMHAMM Ha OCHOBE CHUHTETHUYECKUX HE(PTSIHBIX KHUCIOT M MOJIMAMUHOB. M3ydeHsbl
CTPYKTYpa, (U3MKO-XMMHUYECKHE CBOMCTBA, NPOTHUBOKOPPO3UOHHAS 3(PPEKTUBHOCTH B
COCTaBe KOHCEpBAI[MOHHBIX KHJKOCTeH Ha OcCHOBe TypOumHHOro wmacia wmapku T-30.
VYcraHoBneHo, uTo  ankuipeHon(POopMaTbACTUAHBIE OJIUIOMEpPHl  MOAU(DUIIMPOBAHHbBIE
UMHJIa30JINHOM HA OCHOBE CHHTETMYECKOW He(TSHOW KHUCIOTHI U JUITHUIEHTpUAMHHA
00€eCTeunBaroT 3alUTY CTAIBHON MTOBEepXHOCTH 70 118 cyTok.

SINTETIiK NEFT TURSULARI VO POLIAMINLOR 9SASINDA
IMIDAZOLINLORLD MODIFIKASIYA OLUNMUS
ALKILFENOLFORMALDEHID OLIQOMERLORININ ALINMASI VO
KORROZIYAYA QARSI XASSOLORININ TODQIiQi

Abdullayeva N.R., Omiraslanova M.N., Oliyeva L.1.,
dfandiyeva L.M.

Azarbaycan Milli EImlor Akademiyasi akad. Y.H. Mommodoliyev adina
Neft-Kimya Proseslori Institutu, Baki s.

Sintetik neft tursular1 vo poliaminlor asasinda imidazolinlorlo alkilfenolformaldehid
oligomerlarinin modifikasiyast prosesi aparilmisdir. Sintez edilmis oliqomerlarin strukturu,
fiziki-kimyoavi xassolori vo T-30 markali turbin yagi osasinda konservasiya mayelorinin
torkibinds korroziyaya qars1 effektivliklori todgiq olunmusdur. Toyin olunmusdur ki, sintetik
neft tursulart vo dietilentriamin  osasinda  imidazolinlo modifikasiya olunmus
alkilfenolformaldehid oligomerlari polad sathinin miidafiasini 118 sutkaya godor tomin edir.
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OBTAINING AND STUDYING ANTI-CORROSIVE PROPERTIES OF
ALKYLPHENOLFORMALDEHYDE OLIGOMERS MODIFIED BY
IMIDAZOLINES BASED ON SYNTHETIC PETROLEUM ACIDS AND
POLYAMINES

Abdullaeva N.R., Amiraslanova M.N.,Alieva L.I.,
Efendieva L.M.

Azerbaijan National Academy of Sciences Institute of Petrochemical Processes
named after acad. Y.H. Mamedaliyev, Baku

The process of modification of alkylphenol-formaldehyde oligomers with imidazolines
based on synthetic petroleum acids and polyamines was carried out. The structure, physical
and chemical properties, anticorrosive efficiency in the composition of conservation liquids
based on turbine oil of the T-30 brand have been studied. It was found that alkylphenol-
formaldehyde oligomers modified with imidazoline based on synthetic petroleum acid and
diethylenetriamine provide steel surface protection for up to 118 days.

PENTAFENILBISMUTUN TURSULARLA DIFENILLOSMOSINDON Ph;BiX
FORMULLU BIiRLOSMOLORIN SINTEZi

Kasamanli X.H.

Goanca Dovlat Universiteti
xeyale.kesemenli@mail.ru

Acar sozlar: bismut, fenil, pentafenilbismut, trifenilbismut, aroksidlor, arensulfonat

Keywords: bismuth,phenyl, pentaphenyl bismuth, triphenyl bismuth,aroxides,
arenasulfonates.

Son dovrlards iizvi sintezdo prosesin getmasi tigiin yiiksok siirat, olverigli sorait vo
seciciliyi tomin edon effektiv reagent vo katalizatorlar kimi metaliizvi birlosmalordon istifado
olunur[1,4].Bu moagsadlor {iglin istifado olunan element-iizvi birlogsmolorin spektrinin
genislonmasi, vacib mosalo hesab olunur [3]. Bununla slagodar olaraq, kegid elementlor
olmayan metallar kimyasinin fundamental mosoalslorindan biri, bismutun {izvi birlogmalarinin
davamli olmas1 va bu sahads todqiq oluna bilmasinin miimkiinliyidiir [2,6].

Miioyyan olunmusdur ki, bismut-iizvi birlogsmolorin kdmayilo bir ¢ox bioloji aktiv
maddolor sintez olunur, o cilimlodon, tobii alkaloidlorin analoglari, indol toromalari,
ginkolidlor vo makrolidlor.Kation va anionun bu strukturlari ilo bu ciir komplekslorin alinmasi
metodlarinin islonilmasi siibhasiz ki, bu elm sahslorinds bir sira todqiqat obyektlorinin
genislondirilmosino imkan yaradacaqdir [5].

Miisyyon olunmusdur ki, III vo V valentli bismutun fenil birlosmolori segici
oksidlogirlor. Hal-hazirda iizvi sintezo mohdud sayda bismutun téromolori-trifenilbismut,
pentafenilbismut, tozilat vo trifenilbismutun trifliiorasetati, trifenilbismutun trifliiorasetati vo
u-oksobis (xlorotrifenilbismut) colb edilmisdir. Bu ona osaslanmisdir ki, molum davamli
bismut-tizvi birlosmolor azliq toskil edir.

Hal-hazirda todqiqatcilar torafindon ion olageli bismutsaxlayan komplekslorin miihiim
xassolori agkar olunmusdur. Belo ki, onlardan bazilori segnetoelektriklordir, ifratkegiriciliya
Vo ya yarimkegiricliys malikdirlor. Bismut-izvi birlogsmolor yalniz praktiki shamiyyat
dasimir. Bismut atomunun boyuk 6l¢iilii olmast vo onun elektron qurulusunun xiisusiyyatlori,
koordinasyon sferanin bdyiik imkanlar1 oldugunu gostarir.

Pentafenilbismutun vo Ph3B:X; (X=0OAr,0SO,R, OC(O)CCls, F, ReO4, NO,) timumi
formuluna malik birlogsmoalorin istiraki ilo ligandlarin yenidon yerdoyismo reaksiyasi osasinda
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PhsB:X formuluna malik birlosmoalorin sintezi ti¢iin yeni dsullar toklif olunmusdur.
Gostorilmisdir ki, pentafenilbismut vo pentafenilstibium ArBiX; va ArBiX (X=Hal,
OSOAr) torkibli Bi(lll) birlosmalorini fenillogdirir. PhsBiX; (X=Br, NO3;,0C(O)CHj3)
formullu birlosmalar isa trifenilstibium ilo iso eyni zamanda hom oksidlasdirici, ham do
fenillosdirici agent rolunu oynayirlar. Naticodo ovozedicinin tobistindon asili olaraq,
simmetrik (Ph3SbX3) va ya geyri-simmetrik (Ph4sSbX) quruluslu stibium téramalori alinir.

Miioyyon olunmusdur ki, (1:1:1) mol nisbatindo hidrogen-peroksidin istirakila
triarilbismutun fenollarla va sulfon tursular1 (HX) ilo garsiligh tasirindan (Ar3BiX),0 imumi
formuluna malik bismut birlosmolori alinir.Verilon reaksiyada reagentlorin mol nisbatinin
doyismasi (1:2:1) ArsBiX; iimumi formuluna malik bismut birlosmalorinin alinmasina sobob
olur. Aroksiqrupda halogen atomlar1 saxlayan trifenilbismutun diaroksidlorinin alinmasi
zamant trifenilbismutun dihalogenidlorinin 9% ¢iximla alinmas1 miisahido edilmisdir.

Miioyyon olunmusdur ki, pentafenilbismutun fenollarla (toluol,0,5-5 dag.,20°C)
qarsiligh tasirindan tetrafenilbismutun aroksidlari amals galir:

PhsBi+HOAr—Ph,BiOAr+PhH

Tetrafenilbismutun  aroksidlori havada davamli olan, alifatik vo aromatik
karbohidrogenlordo hall olan, sar1 vo ya sari-Qohvayi rongli kristal maddslordir.
Tetrafenilbissmutun aroksidlorinin arima temperaturu va ¢iximlari codval 1-da verilmisdir.

Codval 1
Fenol va pentafenilbismutdan alinan tetrafenilbismutun aroksidlarinin
arima temperaturu va ¢ciximi

No Birlogmo T,.°C Cuxam, %-la
1 Ph,BiOCgH,(Br,-2,6)(t-Bu-4) 112 74
2 Ph,BiOCgH5Cl,-2,6 115 80
3 Ph,BiOCgH,(NO,)3-2,4,6 175 81
4 Ph4BiOCeH2(Br2-2,6)(N02-4) PhH 155 86
5 Ph,BiOCgH3(NO,),-2,4 153 83
6 Ph,BiOCgH,Brs;-2,4,6 133 80
7 Ph,BiOCsH,Cl,-2,4,6 132 83
8 Ph4BiOCgH3Br,-2,4 112 80
9 Ph4BiOCgH,(Br,-2,6)(CI-4) 134 82
10 112 79
Ph4BiOC5H2(Br2-2,6)(M6-4)

Trifenilbismutun aroksidlorinin - molekulu, pentakoordinasiyaolunmus bismutun
toromolori {iglin xarakterik olan, aksial voziyyotdo aroksil ligandli triqonal-bipiramidal
konfiqurasiyaya malikdirlor. Tetrafenilbismutun aroksidlorinde bismut atomu ekvatorial
miistovidon ¢ixaraq, fenil ligandinin aksial vaziyyatdo yerlosmis karbon atomuna dogru yerini
doyisir. Bi-E oslagalorinin uzunlugu coadval 2-ds verilmisdir.

Cadval 2
Tetrafenilbismut aroksidlarda alaqalarin uzunlugu (d) va valent bucaglar: (w)
d, A’ d, A’ d, A° w

Birlagma Bi-O Bi-Cexv Bi-Caks CaksBIO
Ph,BiOCsH,(NO,)3-2,4,6 2925 2199 2222 1717
Ph,BiOCgH3(NO,),-2,4 2672 2198 2236 1731
PhsBiOCsH,(Br,-2,6)(NO,-4) PhH | 2611 2197 2223 1735
Ph,BiOCgsH,Br - 2,4,6 2514 2188 2234 1774
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Ph4BiOC¢H3CI-2,6 2453 2204 2250 1771

Ph4BiOCgH.(Br,-2,6)(iiglii-Bu-4) 2451 2204 2277 1739

Pentafenilbismutun trixlorsirke tursusu ilo garsiligli tesirindon (toluol, 5 dag., 20°C)

tetrafenilbismutun trixlorasetatinin alinir:
PhsBi+HOC(O)CCl;—Ph4BiOC(O)CCl3+PhH

Otaq temperaturunda, aseton vo ya aromatik karbohidrogen mohlulunda bas veran
pentafenilbismutlarin sulfon tursular ilo reaksiyasi, bir ne¢o dagige miiddstinds qurtarir vo
tetrafenilbismutun alkan- va ya arensulfonati omolo galir:

PhsBi+HOSO,R—Ph,BiOSO,R+PhH

Reagentlorin mol nisbatindon asili olmayaraq (1:1 vo ya 2:1), pentafenilbismutun 2,4-

disulfofenolla qarsiligl tosiri, iki sulfoqrupun istiraki ilo bas verir:

OH OH
|_-S0,0H |_~50,0B:Ph,

2 PhsBr + g/ — + 2PhH
SO,0H SO,0B1Ph;

Trifenilbismutun sulfonatlar1 suda va polyar {izvi halledicilords yaxs1 hall olan rangsiz
kristallik maddalordir. Orimos temperaturlar va ¢iximlari cadval 3-do verlmisdir.
Codval 3
Pentafenilbismut va tursudan alinan tetrafenilbismutun alkan- va arensulfonatlarin
arima temperatutu va ¢iximi

arima
Ne birlosmo temp(graturu, Crxim, %-lo
C
11 CeH3(OH-4)(SO,0BIiPhy),-1,3 189 59
12 Ph4BiOSOzC6H3M82-2,4 174 84
13 [Ph,Bi] [0SO,CsHsMe»-2,5] H,0 177 89
14 Ph4BiOSOzC6H3M82-3,4 166 68
15 Ph,4BiOSO,Cg¢H3,(COOH-3)(OH-4) 199 81
16 Ph;BiOS0,CF; 105 92
17 PhsBiOSO,C,oH7-I H,0 144 68
18 PhsBiOS0,C1oH7-2 178 68
19 Ph,BiOS0,CsH4(OH-4) H,0 152 83
20 Ph4BiOS0,QH,;(OH-4) 125 71
21 Phs;BiOSO,CH,Ph 133 70
22 PhsBiOS0,CsH11 120 71
23 Ph4BiOS0,CsH11 124 76
24 Ph4Bi0SO,Ph H,O 129 80
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SYNTHESIS OF Ph,BiX FORMULL COMPOUNDS FROM
DIPHENILIiZATION OF PENTAPHENYLBiISMUTE WITH ACIDS

Kasamanli H. K.

In this article, an effective method for the synthesis of Ph4BiX compounds (X = OAg,
OSO;R, F, NO,, Re0,4, OS(0)CCIs5) is developed, based on the reaction of pentaphenyl bismuth
with bismuth derivatives of the general formula Ph3BiX,. It was shown that the presence of
potential coordinating centers and functional groups in ligands X does not affect the ligand
redistribution reaction scheme, but an increase in their volume leads to a decrease in the yield
of the target product. The ligand redistribution reaction is characteristic of phenyl compounds
of phosphorus and arsenic, when arsenic and derivatives of the general formula PhzEX; (E =
P, As, X = C1, Br) form PhsEX compounds with high yield from pentaphenylphosphorus -
arsenic and derivatives.

Xoazar danizinin su niimunalarinin kimyavi analizi
Haciyeva S.R., Qadirova E.M., Cafarova X. F.
Baki Doviat Universiteti

Agar sozlar: fenol, su analizi, neft sanayesi,analiz metodlari.

Key words: phenol, water analysis, oil industry, analysis methods.

KuroueBble cioBa: gernon, amanuz 600vi, He(pmsaHas NPOMBIULIEHHOCHb, Memoobl
ananuza.

Fenol vo onun toramalori hazirda su miihitini ¢irklondiran asas cirklandiricilardandir.
Baxilan maqalada Six va Bulvar arazilorindan su niimunalari géotiiriilorak torkibinda fenol va
onun téramalari analiz edilmisdir. Su niimunalarinin kimyavi analizi Agilent 5975C GC/MS
qaz xromotoqrafiyall kiitlo detektorundaaparilmisdir.

Azorbaycan Respublikasi neft 6lkosi oldugundan, sonaye sularimin Xozor donizino
axidilmasi naticasinds tokiski birlosmalora ¢ox rast goalinir. Bildiyimiz kimi, neft vo neft
mohsullar1 su hovzalorino miixtalif tisullar ila: neftin naqli zamani, gazma zamani bas veran
gozalar zamani, lay sulari ilo ¢irklonmalar, neftin ¢ixarilmasi vo digar proseslor zamani daxil
olur [1].

Hazirda on boyiik elmi-texniki problem otraf miihitin ekoloji miihafizasi togkil edir.
Qeyd edok ki, otraf miihit hom sonaye istehsal tullantilart ils, hom do maisot tullantilart ilo
kifayot godor cirklonmisdir. Uzvi vo mineral torkibli tullantilarm su v torpaq miihitino
qarigmasi kommunal vo Sonaye ¢irkab sularin ¢oxalmasindan irali galir[2].

Xoazar danizi hassas ekosistem olmasi ilo diggat ¢akir. Son on ilds isa antropogen va
biokimyovi tosirlor ekosistemi demok olar ki darmadagin edibdir. Xiisusi ilo do qeyd
etmoliyik ki Xozor donizinin simal-sorg hissasinin vaziyysti bohran hadds catibdir. Artiq
Milli parka gozarkan belo homin ¢irklandiricilorlo rastlasiriq. Antropogen ¢irklonays - neft
dasinmasi zamani neftin goza ilo Xoazar donizins tokiilmasi, axar sular, sanaye tullantilar1 vo s
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gostormok olar. Giiman edilir ki, Xozor donizinin asas ¢irklonma monbayi Sonayenin
inkisafidir [3].

Bildiyimiz kimi, fenol vo onun téromolori Ssonaye miiassalordon ayrilan sularin
torkibindo on ¢ox rastlanilan maddoslordir. Fenol vo onlarin birlosmalorini tokca tullanti
sularda deyil, eyni zamanda toabii sularda da rast galinir.Hor koss malumdur ki, fenolun
torkibinda benzol halgasi va hidroksil qruplart vardir. Ugucu fenollarin buraxila bilon migdari
su obyektlarinds 0.1 g/l qatiligindan ¢ox olmamalidir. Bu giin an global ekoloji problem -
politsiklik qurulusa malik olan {izvi maddalorin suyun torkibindo mévciid olmasidir. Fenol
torkibli sonaye sular1 yalniz zararsizladirildikdon sonra sohar kanalizasiyasina axilidir[4].

Tacriibi hissa:

Bildiyimiz kimi, neft vo neft mohsullar1 torpaga vo su hovzalorine miixtolif tsullar ilo
daxil olur [5]. Hazirda on bdyiik elmi-texniki problem otraf miihitin ekoloji miihafizasi togkil
edir. Qeyd edok ki, otraf miihit hom sonaye istehsal tullantilar1 ilo, ham do moisat tullantilar:
ilo kifayat godor ¢irklonmisdir. Uzvi vo mineral torkibli tullantilarin su vo torpaq miihitine
qarismast kommunal va Sanayenin tullanti sularinin ¢oxalmasindan irali galir [6].

Fenol vo onun birlogsmolori otraf miithirs, canli orqanizmlars ¢ox pis tosir gostarir. Bu
sobabdan dolay1 fenol téromalarinin toyini tisullart halo do 6z aktualligini itirmamisdir. Fenol
Vo onun birlosmalarinin hatta cilizi migdar1 Xozor donizinin flora vo faunasi ii¢iin tohliiko
toradir [7].

Toqdim edilon isdo su niimiinasi Si1x vo Bulvar sahslorindon gétiiriilmiis ve analiz ti¢iin
laboratoriyaya toqdim edilmisdir. Noaticonin daqiq olmasi iigiin isa qaz xromotoqrafiyasi ilo
tochiz edilmis kiitlo spektroskopiyadan istifado edilmisdir. Analizlordo oldo edilmis
maddalarin adlar1 vo miqdarlar1 da codval 1-ds 6z oksini tapmigdir.

Cadval 1.
Su niimunslarinin analizinin naticalari
Fenollar va fenol Sixdan gotiiriilmiis Bulvardan gétiiriilmiis
birlosmolarinin téromalori, pg/ 1 su nimunasi su niimunasi
fenol 0.10 0.14
o-krezol 0.02 0.03
2-nitrophenol <0.04 0.04
2,4-dimetilfenol 0.02 0.04
2, 4-dixlorofenol <0.02 <0.02
2,6-dixlorfenol 0.02 0.04
4-xloro-3-metilfenol <0.04 0.05
2,4 5-trixlorfenol <0.04 <0.04
2,4,6-trixlorfenol <0.04 <0.04
2,3,4,6-tetraxlorofenol <0.04 <0.04
Pentaxlorfenol <0.04 <0.04

Analitik metodlar arasinda on ¢ox istifado olunani kiitlo xromatoqrafiyasidir. Onu
qarigiglar ayri-ayri torkib hissolorinoe ayirmagq, qazsokilli qarisiglar: farglondirmak vo tayin
etmok, kimyavi reaksiyalarin gedigindo reagentlorin qatiliginin doyigsmasina noazarat etmok
ticlin totbiq edirlor. Onun is prinsipi ona osaslanir ki, todqiq olunan qaz qarigigmin axini
ayirict  kolonkaya otiiriiliir. Kolonka xiisusi bork neytral kiiraciklor,keramika tizarino
hopdurulmus ugucu olmayan ayirict maye ilo doldurulur. Toadqiq olunan qarisigin
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komponentlori kolonkanin uzunlugu boyunca ayrilaraq sorbsiya olunur. Miiasir cihazlarda
kolonkalar igarisindo nazik burulmus spiral olan metallik borudan ibaratdir.Qaz fasilssiz
olaraq kolonkaya buraxilir,ayrilmis komponentlor névba ilo ondan ¢ixarilir[8].

[lk 6nco qarisigin on pis sorbsiya olunan komponenti cixarilir.Kimyagi-analitik
kolonkanin uzunlugunu, doldurucunu (kiiracik, keramika) vo ayirici mayeni, eloco do gaz
axmiin siratini vo temperaturu segmoklo hotta qaz fazaya kegirilmosi miimkiin olmayan
sintetik vo tobii maddslor qarisigini ayira bilor.Qarisigr komponentlarine ayirmaq kifayat
deyil, ham do maddalarin gatiligini va torkibini miiayyan etmok lazimdir.Ona gora da har bir
xromatoqraf 6lgmo qurgusu olan kiitlo detektoru ilo tochiz edilir. Detektor kolonkadan
sixigdirilib ¢ixarilan komponentlorin ondan kegdiyini geyds alir. Hor seydon oavval cihaz iki
tipdo detektorla tachiz edilir. Katarometr nazik metallik nagilds caroyanin giiciiniin doyismasi
ilo gaz axininda istilik kegciriciliyinin doyismasini geyds alir. Detektora daxil olan maddanin
Kimyavi tobistins cihaz reaksiya vermir. Giiclandirici ils o, 6ziiyazan galomls birlosdirilmisdir
vo detektora maddonin har bir hissasi daxil oldugca harokst edon kagiz lentdo pik geyd
olunur; ona uygun saha maddonin qatiligi ilo diiz miitonasibdir [9].

Fenol az da olsa biitiin sonaye miiassalorinda texnoloji kondensat ils birgs yaranir.Sonaye
miiassislorindon fenollarin toamizlonmasi ¢ox ¢atin prosesdir.
Six vo Bulvar orazilarindon gétiiriilmiis su niimiinasinin analizinds Agilent 5975C GC/MS
gaz xromotoqrafiyali kiitlo spektroskopiyasindan istifads edilmisdir[10].

Sokill-ds Sixdan vo Bulvardan gétiirdiiylimiiz su numunasinin qaz xromotoqrafiyali kiitlo
spektroskopiyasi togdim edilmisdir.

TIC: 21108-01-1WAZ3.D\data.m=

+ 5

|

10.00 1500 D00 2500 2000 3500 40.00 4500 snun

Time—=

Sakil 1. Sixdan gotiiliimiis su numunalorinin xromotoqrafiyasi

TIC: 21106-01-2WaA4 . D\data.ms

4500000 | 2
a .5

10.00 15.00 2000 2500 2000 2S00 4000 4500 2 S0.00
Tire—=

Sakil 2. Bulvardam gétiiliimiis su numunslorinin xromeotoqrafiyasi
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Su moanboalarinin problemi ilo yaxindan tanis olmaq tigiin statistik verilonlora nazar
salmaq lazimdir. Har il doniz sularina toxminan 6 milyon ton neft karbohidrogenlori axidilir.
Diinya okeanina isa caylar ilo toxminon 2 milyon neft axidilir. Neft ilo dolmus nazik tobago
nohang su sahalarini shats edir[11].

Molum oldugu kimi,yeni tisullarin va texnologiyalarin axtarist vo tokmillagdirilmasina
dair islor goriiliir.Bu tsullar 6z tosirliliyi vo planetimizi qorumaq xiisusiyyatlorini 6ziindo
comlosdirir.Arasdirilan vo irali siiriilon tisullarin asas miisbat xiisusiyyati iSo ondan ibaratdir
ki, gox maliyys tolob etmir[12].
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Xumuyeckuii anaau3s npod soanl Kacnuiickoro mops
TI'aoicuesa C.P., Kaoviposa 3.M., /[rcaghaposa X. .
Bbakunckuii I'ocynapcTBeHHbI YHUBEPCUTET

Abocmpakm: Denon u e2o npouzsooHvle 8 HAcmoswee 8pems AGNAIOMCA Hauboaee
PACRPOCMPAHEHHbIMU 3a2pASHUmMenamu. B cmamve ananuzupylomcs npoowvl 00bi, 83smole 6
pationax [lluxoea u bynveapa. Konuuecmeo ¢henona u eco npou3goomvix 6 npobax 00vl
AHATIUBUPOBATIU MEMOOOM XPOMAMO-MACC-CNEKMPOCKONULL.
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Chemical analysis of water samples from the Caspian Sea
Hajiyeva S.R., Gadirova E.M., Jafarova H.F.
Baku State University

Abstract: Phenol and its derivatives are currently the most common pollutants. The
article analyzes water trials samples obtained in the areas of Shikhov and Boulevard. The
amount of phenol and its derivatives in water samples was analyzed by gas chromatography-
mass spectroscopy.

XPOMATO-MACC-CIIEKTPOMETPHYECKOE OIIPEJIEJIEHHE
XJOPOPTAHMYECKHMX MECTUALIMIOB B OFBEKTAX OKPY KAIOIIEN
CPEJIbI

TI'aoxncuesa C.P., Pycmamosa Y.H., Kaoviposad.M.
baxunckuii I'ocyoapcmeennwiit Ynueepcumem

Acarsozlar:kiitla xromatoqrafiyass,, xlor iizvipestisidlar, torpag, su, taravaz,
meyvalarinanalizi.

Key words: chromatography-mass spectrometry, organochlorine pesticides, analysis
of soil, water, vegetables, fruits.

KuroueBble ciioBa: xpomamo-macc-cnekmpomempus, Xa0popeanuuecKue
necmuyuobl, AHAIU3 NOYEDL, 800bL, 08OU4CIL, PPYKMOG.
Hccneoosano coodepoicanue paoda Xi0popeaHudeckux necmuyuoos 6 o00vbeKxmax
oKpydrcaroujeli cpedvl — nouge, 800€ U CeNbCKOXO3AUCMEEHHOU NPOOYKYUU MEemoOoM
Xpomamo-macc-cnekmpomempuu. bovinu 63amvl npobvl nouswvr (Ha meppumopuu
XJIONK0B020 NOA), 600bl, UCNONb3YEeMOU OJisl OpOUleHUsi IMUX nouael, a Mmakice
npodvl kapmoghens u A610K, 8blpAUjeHHbIX Ha Oau3nexcawux meppumopusx. Ilpu
ananuze ogowell u hpyKmos npob6onoo02omosKka (uzenedenue necmuyuoos U OUUCmKa
akcmpaxma) nposedena no memody I'OCT 32194-2013.

Xnopoprannueckue nectuiuabl (XOII) xapakTepu3yroTcss BBICOKOM yCTONYMBOCTBIO
BO BHEUIHEH cpefie, OTIMYAOTCS BBIPAKEHHBIMU KyMYJISITUBHBIMU CBoMcTBamMH. B oObekTax
OKpyXaromel  cpeabl  (IouBe, BOJAE, PpACTUTEILHOM  IOKPOBE)  COXPAHSIOTCS
IPOIOJDKUTENbHOE BpeMs. BKitodaroTcss B MUILEBBIE LENH, U30MpaTeIbHO HAKAIJIMBAsICh B
XKHUPoBOM TkaHU. O6aJat0T CBOWCTBOM OMOKOHIIEHTPUPOBAHUS.

XOII oTHOCATCS K NOJIUTPOIIHBIM si/1aM ¢ BbIpaskeHHBIM aerictBueM Ha LIHC, a taxke
BHyTpeHHHE opradbsl (mededb, mouku). Cormacno Crokrombmckodt  KonBeHImn
(parudunmposannoit B 2004 r) JJAT, rentaxiop, SHAPUH, albApUH U AP HPEJICTaBUTEIN
3anpenieHbl B psge crpaH EBpombl, CeBepHoit u FOxuoit Amepuxu [1]. OmnHako wux
OCTAaTOYHbIE KOJMYECTBA JIO CHX I[IOp OCTAalOTCS B IIOYBE, INPUPOJIHBIX BOAAX W,
COOTBETCTBEHHO, B pacTeHusx. [loaTomy pa3paboTka METOIUK OINpeAeTeHUs MEeCTUINIOB B
CEJIbCKOXO3SMCTBEHHBIX IPOAYKTaX SIBJSETCS HE TOJIBKO AHAJIUTUYECKOW, HO U BaKHOU
COITMAJILHOM 3ajadeil.

N3BecTtHO, uTO A3sepbaifjykaH B HEJaBHEM MPOLUIOM SIBIISUICS OAHOM HMX
xyonkoceronux pecnyonuk Coserckoro Coroza. OOUIMpHBIE TUIOMIAIN PECITYOIUKH OOMIBHO
obpabarsiBanuck /T, rentaxnopom u ap npeacrautensmu XOI1.
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Ilenwpto HacTOsIIEH pabOTHl SIBISETCS MccieaoBanue npoieccoB murpamun XOIT B
OKpYXKAIOIIeH Cpelie U OMpEAeNCHUEe WX OCTATOYHBIX KOJMYECTB B OOBEKTAX OKPYXKAIOMICH
Cpebl — IMOYBE, BOJIEC U CEITbCKOXO03SMCTBEHHOM MPOTYKIIHH.

3Kc1’[epI/IMeHTaJH)Haﬂ qacTb

Amnanu3 npoBoauin Ha XpoMaTto-macc-cektpe GC-MS (Agilent, USA) HP6890 GC,
obopynoBanHoM Kosionkoir ZB-5 (Phenomenex, USA) u macc-CelIeKTUBHBIM JIETEKTOPOM
HP5975. [Inmuna koinonku 60 M, BHYyTPEHHUN TUaMETp 5 MM, TOJIIMHA ToBepXHOCTH 0,25 um.
Hcnonw3oBancs comosmmmep 5% mudennna u 95% mumermimonucuiokcoHa. B kauecTse
BHYTPCHHEIO CTaHJapTa NPUMEHSUTH TEHTaXJOPHUTPOOeH301. OO0beM BBOJAMMON TMPOOBI
cocraBisul 1 Mk Temmeparypa kononku coctabisuia 230°C. B kauecTBe ra3a-HOCUTENS
UCTIOJIB30BAJICS TSI,

Peaxmuewvl. Bona nuctunnuposannas no OCT 6709;

I'ekcan;
Aneron no I'OCT 2603. u. 1. a.;
JnxnopMmeras;
PactBoputens smroupyromuil, pacmeop nuxiopmerana B rekcane, 20% mo oObemy.
CMenmBaroT 1 00BeM JUXJIOpPMETaHa u 4 o0beMa reKcasa.
l'a3 VHEPTHBIN, Hanpumep, azot no [OCT 9293, oc. u;
Harpwuii ceproxucnviii no FOCT 4166, 0OEe3BOIHBIN

Hatpuii xropucmuotii no FOCT 4233, HaChIILIEHHBIN pacTBOP.
IIpoGonoaroroBka

B mensx wu3ydeHuss MUTpalud TECTHIMAOB B OKpYXKalIled cpene, a Takxke
OCTAaTOYHBIX KOJMYECTB MECTHIHIOB B O0BEKTaX OKPYKAIOMIEH Cpeapl HaMHU OBLIM B3STHI
npoObl MOYBHI (Ha TEPPUTOPUHU XJIOMKOBOTO MOJS), BOJBI, UCIIOIB3YEMOM I OpOILIEHUS
ATUX TIOJIEM, a Takxke TpoObl KapTtodenss u s0JOK, BBIPAIICHHBIX Ha OIU3JIEKAINX
TEPPUTOPHSIX.

Iloozomoexka npo6 nouewvt [6]. 40 T TMPoOOBI MOYBHI TMOMENIATU B CTEKJISHHYIO
KOHYCHYIO KOJIOY, KOTOPYIO 3apaHee OMOJIOCHYJIH MeTHiIeH ximopuaoM. K mpobe mpunuBanu
50 mu1 metanosa u 60 Mi MeTuieH xyopuaa. Jlo Hadana 3KCTpakUuu K Ipodam NMpuInBaiIn
BEILIECTBA, MCIIOIb3yEMblE B KAayeCTBE BHYTPEHHEro CTaHAApTa. 3aTeM MPOBOIUIIHU
AKCTPAKIUIO TPOO Ha YIbTPa3BYKOBOU OaHe B TeueHue 30 MUH.

Jlasmee SKCTpPaKT MEPEBOAUTCS B JEIUTENbHYIO BOpOHKY uepe3 ¢unbtp CF/C,
Whatman. B nenutenbHy0 BOpOHKY 3apanee mpuiuBamu 100 M IeHMOHM3MPOBAHHOW W
OUHMIICHHON IUXJOpMETaHOM BoAbl. CMech B30anThIBaeTCs B TE€UEHHE | MHUHYTHI, 3aTeM
opranuueckas (asza oTaenseTcs.

ITporecc sKCTpaKIuK MOBTOPSIETCS €1l IBAX/IbI Oe3 100aBIeHUsI METaHoJIa B TEUEHUE
15 mun. [lanee, 00beIMHUB SKCTPAKTHI, MPOOY BHITAPUBAIOT 10 00BEeMa 2 MJI B dBariopaTope
Ha BoJsHON Oane mpu Temmneparype 30+5°C. 3arem mpoOy KOHIEHTPHPYIOT 10 1 M ¢
MMOMOUIBI0 TOHKOW CTPYH a30Ta.

AHanu3 mpo0 MPOBOAMICS C UCHOIB30BAaHUEM PACTBOPUTENIEH XpoMaTorpaduieckon
CTETNEHU YUCTOTHI.

Iloozomoexa npo6 600wt [7].bepercs 1 1 mpoObI BOJbI, UCTIOIB3YEMO JIsl OPOIIICHUSI.
[Ipoba momemiaercss B JENUTEIbHYIO BOPOHKY, KOTOpPYIO 3apaHee OIOJIOCHYJIU METUJIEH
xjopunoM. Jlo Hayama 3KCTpakUMU K MpoOaM MPUIUBAIU BEIIECTBA, HCIOIb3yEeMbIE B
Ka4yeCTBE BHYTPEHHEro CTaHaapTa. B nenuTenbHyr0 BOPOHKY Takxe mnpuiuBaiud S50 mi
MeTuieH xyopuna. CMmech HMHTEHCHBHO B30aiThiBaeTcsi B TeueHue 1-2 muH. [lamee
opranudeckas (aza oTaensercs.
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[Ipouecc skcTpakuuu MOBTOpseTcs elle ABakIbl. Jlamee, 0o0BEAMHUB HKCTPAKTHI,
npoOy BEIMAPUBAIOT 10 00bEMa 2 MII B dBAloOparope Ha BOJSHON OaHe MpH TeMIiepaTrype
30£5°C. 3arem npoOy KOHLIEHTPUPYIOT 10 1 MJI C TOMOIIBI0 TOHKOW CTPYH a30Ta.

Iloozomoeka npo6 oeowieit u ¢pykmos. Ananusz oBomeil U (QpPyKTOB Ha MpeaMeT
MIPUCYTCTBHUS OCTATKOB XJIOpOpPTaHWYecKuX mectuiuaoB npoBoauwian mo 'OCT 32194-2013
[2]. TIpoOOMOArOTOBKY OCYIIECTBISUIH COTrJIacHO MeTony. st aHanmm3a ObUTH B3ATHI TIPOOBI
KapTodens u s106J0K, BhIpAILIEHHBIX Ha OJIU3JIeKAIINX TEPPUTOPHUSIX.

Hccnenyemple OBOIM M (PPYKTHI M3MENbYAIH C MOMOIIBI0 MHUKCEpa 10 TOIYYEHUS
omHopoaHor maccel. (100+0,1) T mosrydeHHOW TPOOBI MOMENMIATM B KOHHUYECKYIO KOJIOY
eMmkocTeio 1000 Mi1 ¥ H00aBIISUIH CTOJIBKO BOXBI, YTOOBI 0OOIMH 00beM cocraBmi 100 mir.
[TpoGa moymKHA XOPOIIO NPOMUTATHCS BOJION B T€UEHUE MPUOIU3UTENBHO 5 MUH. 3aTeM B Ty
xe Kouly nob6asnsin 200 MiT aneToHa, IIIOTHO 3aKPBIBAIM U BCTPSIXUBAJIN HEMPEPHIBHO B
TeYeHue 2 4 Ha MEXaHHUYECKOM IIeiiKepe. AHAJOTUYHO TOTOBHIIA XOJOCTON OIBIT.

Cycnen3uio (QuIbTpOBaIM HAcCOCOM uepe3 BOPOHKY broxHepa ¢ (uiIbTpoBanbHOM
Oymaroii cpenneit mopuctoctu B KojOy bynzena Bmectumocthio 500 mi. Konuveckyro
KoJI0y ¥ OCTaTOK Ha (PHJIBTPOBAJIHHOW Oymare MpOMBIBAU JABYMS MOPLHUSMHU all€TOHA IO
25 Mz, coOupasi CMBIBBI B TY e KOJIOY ¢ TyOycOM.

Hunmuanpom wu3Mmepsian o0beM  ¢GuiabTpata W mepeHocwntn 1/5 bacte  3TOTO
bunbTpara B JEIUTENbHYI0 BOPOHKY BMeCTUMOCTHIO 500 M. Jlo0aBnsanu B JIEIUTENbHYIO

BOpOHKY 250 My Boabl, 50 M1 HACBIIIEHHOTO pacTBopa xjopuctoro Harpus u 100 mu
JIUXJIOpMeTaHa. 3aKpbIBalIM NMPOOKOHM U BCTpsAXUBAIM B TeueHue 2 MuH. [locne paznenenus
da3  HWkHIOKO a3y  (OUXJIOpMETaH) CIMBAIM  BO  BTOPYH  JACIUTEIBHYIO

BOpoHKY BMecTUMOCThIO 500 M. [Ipornexypy moBTopsiam aBaxkasl ¢ 50 M1 AUXJIOpMETaHa
1 00BEUHSIN SKCTPAKThl BO BTOPOU JIE€TUTEIBHON BOPOHKE.

OKCTpakT B IUXJIODMETAaHE MPOMBIBAIM JBYMs mopuusMu Boxasl 1o 100 mui,
BOJHYIO ppakiuio OTOpachiBadu. OKCTPAaKT B JUXJOpMeTaHe (UIBTPOBAIU uepes
¢unbTpoBanbHy0 Oymary ¢ 20 T CEpHOKHCIOTO HaTpus B KojJOy Ui BaKyyMHOIO

ucnaputesst BMecTUMOCcThio 500 M.  DKCTpakT BBITapUBaNIXd B BaKyyMe MpPH TeMIIepaType
He Oosiee 40°C no oObema MpuOIU3UTENBHO 2 MJI. PacTBOp KOJIMYECTBEHHO MEPEHOCUIH B

IpaJydpoOBaHHYI MNpoOUpKYy BMecTUMOCThIO 10 Mi, wucnonb3ys 1-2cMm  rekcaHa, H
BBIMIAPUBAJIM B a30T€ NPUOIU3UTENBHO 10 1 MIL.

Onpenenenue XJIOPOPraHNYECKHX MECTHLMA0B B 00beKTAX OKPY:Kalolei
cpeasbl

B  nanHoit pabore wHccneqoBaiM  BO3MOXHOCTh — ONpPENETICHUS  OCTaTKOB
XJIODOPraHMYECKUX IECTULHMIOB B IOYBE, BOJE U NPOAYKLHU CEIbCKOIO XO35HCTBA.
Hwxuult npenen onpeaeneHus XJIOpOpraHMYecKux nectuuuoB cocrasnsier: 0,01 Mkr/r -
s op'-DDT u pp'-DDT; 0,05 mxr/r - ana merokcuxmopa; 0,005 Mkr/r - mis Bcex
OCTaJIbHBIX TIECTHUIIUJIOB.

XpomaTtorpamma CTaHAApTHOTO pacTBOpa MECTULIUIOB IIPUBEAECHA HA puc.l.
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Abundance
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Puc.1. Xpomarorpamma cTaHaapTHOTO pacTBOpa MECTULINIOB

CranmaprasiiipactBopcoaepxkan: o — BHC, B — BHC, 6 — BHC, Lindane, Aldrin,
Dieldrin, Endrin, EndrinAldehyde, 4,4-DDE, 4,4-DDD, 4,4-DDT, Endosulfanl, Endosulfanll,
Endosulfansulfate, Heptachlor, Heptochlorepoxide, Metoxychlor. CtangapTabie pacTBOpSI
NECTULIUIOB C KOHIIeHTpanuei 10 Mr/i1 TOTOBMIIM B TEKCaHE.
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Puc 1(a). ®parMeHT XpomarorpamMMbl CTaHJIAPTHOTO pPACTBOpa MECTHIHUIOB C
WHJIEKcaIlnen

Bpemst ynepkuBaHUs NMECTHLHIOB U HEKOTOPBIE XApPAKTEPUCTUKU HX OIPEIeIICHUS
IpUBE/IEHbI B Ta0. 1.

Taoauna 1
HCKOTopre XAPAKTEPUCTUKH METOAUKHU ONPECACJICHUA MECTUIIHMI0B
XJ1lopopranuveckue Bpems IIpenen JAuana3son
HeCTUIUAbI yaepKuBaHUA, onpeaeJeHus, onpeaejsieMbIX
MMH MI/KT KOHIEHTPAaLHUH,
MI/J1
a—BHC 13,00 0,005 0,05-10
B—BHC 13,65 0,005 0,05-10
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Lindane 13,90 0,005 0,05-10

6 —BHC 14,55 0,005 0,05-10
Heptachlor 16,35 0,005 0,05-10
Aldrin 17,9 0,005 0,05-10
Heptochlor epoxide 19,5 0,005 0,05-10
Endosulfan | 21 0,005 0,05-10
4,4-DDE 22,6 0,01 0,1-10
Dieldrin 24,5 0,005 0,05-10
Endrin 25 0,005 0,05-10
4,4-DDD 26 0,01 0,1-10
Endosulfan Il 27,3 0,005 0,05-10
4,4-DDT 27,6 0,01 0,1-10
Endrin Aldehyde 32,3 0,005 0,05-10
Endosulfan sulfate 38,1 0,005 0,05-10
Metoxychlor 41,4 0,05 0,1-10

T
15.00

Puc.2. Xpomarorpamma o6pasiia mouBbl

Xpomarorpamma npoObl BOJbI IPUBEACHA HA pUC.3.
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Abundance
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Puc.3. Xpomarorpamma rmpoObI BOJIBI

W3BecTHO, 4TO B OBOHIaX M (PYKTaxX NECTHIMIBI HAKAIUIUBAIOTCS B Pa3IMYHOU
creienu [4]. B HauOombiuedl CTeneHH CIIOCOOHOCTHIO AKKYMYJIUPOBAHHS IIECTHIIM/IOB
00y1aiaroT S0JI0KU, KIyOHHMKA, TEPCUKH, BUHOTPAN, a M3 OBOIIEH — KapTodenb, CBEKIa,
MOpKOBb, MOMUJOpPHI, Kamycta [5]. Hamm Obuto mnpoBeneHo xpomatorpaduyeckoe
onpeJieJIeHNEe OCTaTKOB XJOPOPTraHMYECKUX MEeCTULUI0B B o0pasuax kaprodens u s610Kax.
[Ipu onpeneneHnn OBUT MCIONB30BAaH MATPUYHBIM  pacTBOpP, KOTOPBIA MOJIydalH
N00aBJICHHEM K XOJIOCTOMY HKCTPAKTy COOTBETCTBYIOIIMX IMPOMEKYTOUYHBIX CTaHIAPTHBIX
pacTBOPOB IECTULIUIOB, BEIABICHHEIX B pACTBOPE.
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Puc.4. XpomaTo-Macc-CeKTp XOJOCTOrO

(BHYTpEHHHUI CTaHJAPT)
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Puc.5. Xpomaro-macc-cniekTpsl o0OpasuoB kaprodens a u b: 1- Endosulfan I, 2-

Dieldrin
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Abundance

lon 237 .00 (236.70 to 237 .70): KAR 1R I.D\data.ms
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Puc.6. [1luk BHyTpeHHEro cTannapTa — IeHTaxJIOPHUTPOOEH30I1a

Abundance
lon 241.00 (240.70 to ZAlm.70) KAR IR I.D\data.ms
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Puc.7. Xpomaro-macc-cieKTpsl 00pasiia 010k

Pe3ynbratel onpenenenus npeacTapieHbl B Tadbaue 2.
Taoanma 2
Pe3yabTaThl onpeae/ieHus NecTUIUMAOB B oBowmiax u ¢ppykrax (n =3, P =0,95)

IIpoba Oo0napyxennsnlii | Haiineno, | Beeneno, | Haiineno, | S, Crenenb
nmecTUIM/L MKI/KT MKT/KT MKT/KT % | u3BJIe4YeHHd,
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MKT/J1 MKT/JI MKT/JI %
ITouBa 4,4-DDE 1,9+0,1 10,0 9,0+1 4,98 73+9
4,4-DDD 1,3+0,09 10,0 9,8+0,05 | 1,61 8343
4,4-DDT 4,6+0,2 10,0 12,0+1 3,33 85+7
Endosulfan | 3,6+0,2 10,0 12+1 3,28 82+7
Bona 4,4-DDT 2,2+0,15 10,0 9,8+0,4 1,8 8443
Kaprodens Dieldrin 2,05+0,15 10,0 9,1+0,4 1,9 7344
Endosulfan | 25,4+0,4 10,0 31,5+2,52 | 3,04 85+6
Sl6moko Endosulfan | 2,1+0,15 10,0 9,8+0,4 | 1,61 83+3

Pe3yabTaThl M HX 00CyKIeHHE

HccnenoBaHHbple  MECTHLUABI HMMEIOT XOPOIIUE IapaMeTpbl CEJIEKTHUBHOCTU U
paspeleHuss Opd pasaeieHud ux Ha Kononke ZB-5 (Phenomenex, USA). Ilpenen
OOHapy>KEHHs TECTHIHMIOB, a TaK)Ke AWANa30H ONPEACIIeMbIX COJCpXKAHWK yKa3aHbI B
Tabn.1 . Kak mOKa3pIBalOT OMBITHI, BPEMs yIEPKUBAHUS TECTHIUAOB IPU UX ONpPEICICHUN
KaKk B CMECH, TaK M IO OTIEIBHOCTH MOKET MEHSATHCS, MOITOMY IPH aHAJIHM3€ PEATbHBIX
00BEKTOB NMPH BOSHUKHOBEHHU TPYIHOCTEH B MIACHTH(UKALMH ITUKOB CIEIYET HCIIOIb30BaTh
MeToJ 100aBok [3].

Kak wm3BectHo u3 wucrtounukos, [IJIT mMeer CKIOHHOCTH K MeETa0OIM3MYy, T.€. K
IpeBpalleHuio B Jpyrue npousBogHbie [4]. Ilpuumnbel meTtabonn3ma 10 KOHIA €IIe HE
U3ydeHbl. JTO SIBJIGHUE MOXET IPOUCXOAUTh KaK IPU XPAaHEHHH U MPOOONOJArOTOBKE
00pa3moB, Tak U B IpoIecce razoxpomarorpaduyueckoro aHanuza. Kpome toro, amurensHoe
npeObiBaHUEe B TMOYBe Takxke crocodcTByer tpanchopmanuu JJIT. HWccnenoBanus,
NPOBE/ICHHBIC CIEIUATBPHBIMU METOJaMHM, ITOKa3ajiW, YTO OCHOBHBIM Mertabomutom JIAT
apnsiercs 4,4'-muxnoppenunauxiop-3tad ([/13). B oOpasmax mnoussl OblTM 0OHApPYKEHBI
cinensl kak JJJT, tak u ero merabonutoB. J/JIT u ero mpousBomHbie 0071a1aI0T BBICOKON
YCTOMUYMBOCTBIO, TEPHOJA MOJYpa3oKEHUS B IOYBE MOXET COCTaBiIATh 10 30 ner.
Conepskanne sua0Ccynbdana |, a taxke T u ero MeraboimuToB B po0Oax MOYBBI M BOJBI HE
IpPEeBBIIIAET MpeaeiabHO Jonyctumyto koHueHTpamnuo (I1JIK), koropas mis mous cocraBiser
0,1 mr/kr, a B Boje caHuTapHO-ObITOBOro HazHaueHus - 0,1 mr/m. OmHako, coaep:kaHue
srpocynbdana | (IIJJK B oBomax u ¢pykrax cocraBiser 0,002 mr/kr) B kaprodene
IpEBBILIAET JOMYCTUMbIE HOPMBI B 13 pa3 (Tadun 2).

JIureparypsl

1. Stockholm Convention on Persistent Organic Pollutants. Report of the Persistent
Organic Pollutants Review Committee on the work of its fifth meeting; 20009.
UNEP/POPS/POPRC.5 /10/ Add.2.

2. TOCT 32194-2013 Kopma, komOukopma. OrmpeneneHrue  OCTaTKOB
XJIOPOPTAaHMYECKUX TIECTHIIMJOB METOJIOM Ta30BOi  xpomatorpadpum (c
ITonpaskoii). Been. 01.07.2015. M.: Konekc, 2017

3. B.I'. Amemun, /I.K. JlaBpyxun. OmpeneneHnue MONSIPHBIX IMECTHIHIOB B BOJE,
OBOIIAxX U (ppyKTax MeTo10M Bricok0r(hEeKTUBHOMN KUIKOCTHONU XpoMaTorpadpu.
Bectauk MI'Y, cep2, Xumust, 2012, T.53, Ne6, c. 392-400

4. B.E.Mengnnes. ['azoxpomarorpaduyeckoe orIpeneneHue XJIOpOpraHMYECKHX

MECTUIIUIOB B  HEKOTOPBIX CEIBCKOXO3SIMCTBEHHBIX MPOAYKTaX, BecTHHK

Huxeropoackoro Yuusepcurra, 2007, Ne5, ¢.50-53

[TerpoBa T.M., Cmupnosa .M., Bonrapes C.A // Arpoxumus. 2006. Ne 4. C. 84.

6. Manguu A.U., Jlazuu C.[., Oxpem II.H., Taan ®.®. // )KypH. aHaTUT. XUMHUHU.
2005. 60. Ne 12. C. 1273.

7. You J., Weston D.P., Lydy M. J. /[ Arch. Environ. Contam. Toxicol. 2004. 47. P.
141.

o

126




8. Anastassiades M., Stajnbaher D., Schenck F.J.// J. AOAC Int. 2003. 86. Ne 2. P.
412.

GS-MS METODUNA 9SASON OTRAF MUHIT OBJEKTLORINDO XLOR UZVi
PESTIiSIDLORIN TOYINI

S.R.Haciyeva, U.N.Riistamova, E.M.Qadirova
Baki Dovlat Universiteti

Otraf miihit obyektlorinda: torpad, su Vo kand tosorriifatt mohsullarinda bir sira xlor tizvi
pestisidlarin torkibi kiitlo xromotografiyast iisulu ilo arasdirilmigdir. Niimunalar torpagdan
(pambiq tarlasinda), bu sahalori suvarmaq iiciin istifad> olunan sudan, hamginin otraf
arazilarda yetisan kartof vo alma niimunalarindan gotiiriilmiisdiir. Toravaz vo meyvalar analiz
edilorkon niimuna hazirlanmasi (pestisidlorin ¢ixariimasi va ekstraktin tamizlonmasi) GOST
32194-2013 metoduna asasan aparilmisdir.

DETERMINATION OF CHLORORGANIC PESTICIDESIN THE OBJEKTS OF
ENVIROMENT BY GS-MS

S.R.Hajiyeva, U.N.Rustamova, E.M.Gadirova
Baku State University

The content of chlororganic pesticides in the objects of environment (soil water, agricultural
products) have been investigated by GS-MS. For this purpose samples of the soil in the cotton
plantation and samples of the irrigation water as well as samples of potatoes and apples have
been taken. The determination of pesticides in water has been carried out devoid of the
sample preparation and concentrating. Sample preparation in analysis of vegetables and
fruits (pesticides extraction and extract purification) was held on State Standard method
I'OCT 32164-2013.

CHEMICAL ANALYSIS OF INDUSTRIAL WATERS
Gadiroval.E.M., Mammadova % A.T., Mehtiyeva>.S.T.

'Baku State University
’Ganja State University

Keywords: toxic compounds, phenol, wastewater, inorganic and organic C ,so on.
KiarueBble cjIoBa: moxcuunvie COEOI/[HeHM}Z, d)eHOJZ, CnioY4Hble 600bl, Heopeanudeckue u
opeanuyecKue amomwvl yenepooa u op.

Acar sozlar:toksikii birlagmolar, fenol, ¢cirkab su, geyri-iizvi va iizvi C va S.

In this article, 3 water samples from different units of catalytic cracking plant at Azerbaijan
Oil Refinery were taken and the composition was analyzed. The main purpose of the work
was to determine the presence and quantity of phenol in waste water after the treatment. Also
organic and inorganic C as well as the total number of N atoms was determined in the water
samples taken for analysis and the results are graphically illustrated.

XUMHYEeCKHU AHAJIHU3 POMBILILICHHBIX BOJ
1 2 2
3. M. Kaowiposa™, A.T.Mameoosa”, C.T. Mexmuesa
1 . .
bakunckuii I'ocynapcTBeHHbIH YHUBEPCUTET

T SIH KM HCK M I'ocynapcTBeHHBINH YHHUBEPCUTET

127



B smoti cmamve 6vi1u 635muvl 3 npoObl 6006l U3 PA3HBIX OIOKOE KAMAIUMULECKO20 KPEKUHed
Ha Azepoavioxncanckom HII3 u 6vi1 npoananuzuposan ux cocmas. Ochoenoll yenvio pabomuol
ObLI0 Oonpedenienue HATUYUsL U KOIUYecmea Genona 8 cCmouHsvlx 6o0ax nocie ouucmku. Taxoice
OvL1 onpedenen opeanudeckuil u Heopeanuyeckutl C, a maxoice oduee konuiecmeo amomog N
6 npobax 600vl, 63AMbIX OJsl AHAIU3A U pe3Yabmamvl OblAU NPOULTIOCMPUPOBAHDI
epaguuecku.

Sonaye sularmin kimyavi analizi
E.M.Qadirova®, A.T.Mammadova?, S.T.Mehdiyeva®

Baki Dévlat Universiteti
2Ganco Dévlat Universiteti

Baxilan moaqalodo Azorbaycamin Neft Emali Zavodunun katalitik kreking qurgularmin
miixtolif arazilorindon 3 su niimunalori gétiiriilmiis vo torkibi analiz edilmisdir.Isin 2sas
maqsadi  tomizlanmadan sonra ¢irkab sularda fenolun olub-olmadigimi vo migdarini
miidyyanlasdirmak olmusdur.Analiz tigiin gotiiriilmiis su niimunalorinda tizvi va geyri-iizvi C
ilo yanasi N atomlarvun iimumi sayr da miiayyanlasdirilmis vo naticalor grafik soklinda
gostarilmisdir.

INTRODUCTION

Phenol and its derivatives are major pollutants that contaminate the water pools. These
compounds are discharged into the water basins so, affect their flora and fauna. After the
catalytic cracking process of the Oil Refinery Plant in Azerbaijan, waste water is refined and
discharged into the sea, however, after the treatment, the phenol and its derivatives remain the
same in the waste water, which influence on the water ecosystem. Phenol concentrations are
especially high inside the effluent of coke-chemical plants - up to 20 g I, while a modern
coke-chemical plant discharges up to 4-10 tons of phenol per day into reservoirs. Exceeding
the natural background of phenol can serve as an indicator of the water reservoirs pollution. In
phenol-contaminated natural waters, their content can reach tens and even hundreds of
micrograms in 1 liter [ 1].

However, according to the experts, the presence of phenols in the air leads to
circulatory system diseases. Phenol derivatives are very toxic: nitrophenolic compounds -
nitrocene (carboniferous phenols), dinitrophenol, etc. These compounds are used as
insecticides, fungicides and herbicides .

Influencing on the oxidative processes in tissues, they cause dissociation of oxidative
forcing , which, in turn, enhances the processes of cellular oxidation, increases the oxygen
demand of tissues and disrupts heat production and thermoregulation. In reservoirs, the
maximum allowable concentration for phenol is 0.001 mg/l. Thus, the content of phenols in
the shallow water areas of the Caspian Sea - one of the most polluted ponds - reached 8 pg/l.
The average content of phenols in the water of the Northern Caspian reaches 6 ug/l, and the
average value for the waters of this region is 3 pg/l. Phenols are chemically unstable, and
undergo active decay in an aqueous medium. The process of self-purification of water from
phenols proceeds along the path of biochemical oxidation under the influence of enzymes
produced by microorganisms [2].

The destruction of phenols takes place fairly quickly at a concentration of more than 1
mg/l and phenol loss is 50-75% in a three days, however, at a concentration of several tens of
micrograms in 1 liter this process slows down and the loss for the same duration is 10—
15%.The fastest of all is the destruction of phenol proper, more slower cresols, even slower
xylenol. Polyatomic phenols are destroyed mainly through chemical oxidation. The presence
of oil pollution slows the decay of phenols, as biodegradation of petroleum hydrocarbons
forms its own phenols, increasing the overall picture of contamination [3].
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The concentration of phenols in surface waters is subject to seasonal changes. During
the summer period, the content of phenols decreases (with increasing temperature, the rate of
decay increases).The process of self-purification of reservoirs from phenol proceeds relatively
slowly and its traces can be carried away by the flow of the river over long distances,
therefore, before discharge, the phenol-containing reservoirs are exposed to sufficient
purification .

As we already know, in order to get rid of phenolic compounds in wastewater, it is
possible to apply the modification of the Klibanov method with the use of peroxidase and
talc.Peroxidase degrades phenolic compounds to polyphenols which is insoluble in water[4].
When this method is modified, namely when talc is added to the reaction mixture, the
insoluble reaction products on the talc are absorbed and precipitated out of the solution. Due
to this method, it is possible to completely remove the phenol from the solution, as well as to
remove the reaction products. Initially, polyvinylpyrrolidine was used to remove phenolic
compounds. In connection with the relative cheapness talc is being used [5].

EXPERIMENTAL PART

We used mass spectroscopy for the analytical determination of contaminated water
taken from an oil refinery. Our goal was to determine mainly the phenol in the samples.
Dichloroethane for (GC-MS) was used for water extraction. After that, phenol was
determined on samples 1,2,3. For more accurate analysis, mass chromatography was carried
out. The amount of phenol was determined by mass chromatography and outweighed the
MPC .

Water samples were extracted into a separatory funnel. Before the extraction, the hydrogen
index of the samples was reduced to pH <4. Methylene chloride was used as solvent. To
prevent contamination of the extracts, samples were analyzed using a dichloromethane
solvent (Rathburn, Scotland) with chromatographic purity. As internal standard,two
deuterated polycyclic aromatic compounds, naphthalene-d8 and phenanthrene-d10
(Cambridge Isotope Laboratories, Inc., Andover, USA) were added to all samples. Extraction
was carried out three times. The obtained extracts were combined in round-bottomed flasks
and concentrated firstly on a rotary evaporator at a water bath temperature of 35 £ 5°C to a
volume of 5 ml, then under a thin stream of nitrogen. Concentrated extracts were transferred
to samplers in a volume of 1 ml.

A chemical analysis of water samples was carried out on a GC-MSD gas chromatograph
6890N with a highly efficient mass-selective detecto-Agilent 5975 from Agilent Technologies
(USA). During the analysis of the samples, solvents were used with a chromatographic level
of purity.

ANALYSIS OF RESULTS
Below, mass chromatography of these samples were carried out:(Fig. 1,2,3).
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Fig. 3. Mass chromatography of wastewater -3.
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Also the total number of inorganic and organic C atoms and N atoms in the water samples-
1,2,3 is found (table 1).The curves in the graph below are shown:(Fig. 4,5,6).
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Fig.4.Dependence of concentration of inorganic C atoms from time.

Time

Fig. 5. Dependence of concentration of organic C atoms from time.

0,5 1,0 1,5 2,0
Time, min

Fig. 6. Dependence of concentration of N atoms from time.

Table 1.
Total number of inorganic (IC) and organic (TOC) C and N (TN) atoms in the water
samples
c lett
TOC 15.10 mg/I
IC 27.61 mg/l 3961
TC 42.70 mg/l 6989
TN 53.81 mg/l 629.1

According to the chromatographic analysis of the 3 water samples examined, the
amount of phenol was many times higher. However, the allowable concentration should be

0.1mgl/l.
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In conclusion, we can say that phenol and phenolic derivatives were calculated in the
analyzed samples, and in the future we will examine effective and new ways of purifying
phenol from polluted waters that are released into water resources. In the future, methods of
cleaning using nanoparticles will be considered.
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FENOLLARIN 1-METILTSIKLOPENTENL®O QARSILIQLI TOSIiR
REAKSIYALARININ TODQIiQi

Qasimova F.I., Agamaliyev Z.Z, Hasanova G.C.

Azorbaycan MEA Neft-Kimya Proseslori Institutu
E-mail: fatimahuseynova89@gmail.com

Acgar sozlar: fenol, p-krezol, 1-metiltsiklopenten, katalizator, tsikloalkillosmo, p-(1-
metiltsiklopentil)fenol, 2(1-metiltsikopentil)-4-metilfenol

Key words: phenol, p-cresol, 1-methylcyclopentene, catalyst, cycloalkylation, p-(1-
methylcyclopentyl)phenol, 2(1-methylcyclopentyl)-4-methylphenol

KiaroueBbie cJIioBa: (beHOJ'I, n-Kpe30JI, 1 -MCTUJINHKIIOINICHTCH, KaTajm3aTop,
LHUKJIOAJIKAIUPOBAHUE, n-(1-MeTHIIUKIONCHTHIT ) (PEHO, 2(1-meTunuuKIONneHTI )-4-
METUII(HEHOT

Xiilasa: Toqdim olunan isdo fenolun 1-metiltsiklopentenlo Seokar-2 Kkatalizatoru
istirakinda tsikloalkillogsma reaksiyalarinin todgigindon bohs edilir.

Sonaye cohotdon inkisaf etmis Olkslor polimerlorin, kauguklarin, yaglarin vo
yanacaglarin istehsalindan daha ¢ox onlarin keyfiyyot gostoricilorinin yaxsilagdiriimasina fikir
verirlor. Bu mogsadlo onlara kimyoavi qatqilar slave olunur. Bu kimyovi alavalorin igarisindo
alkilfenol birlogsmalar xiisusi yer tutur. Tosadiifi deyil ki, hazirda sonayeds isifade olunan
kimyavi alavalorin xeyli hissasi alkilfenollarin payina diistir.

Alkilfenollar asason fenolun alifatik karbohidrogenlorlo katalitik alkillogsmosindon alinir
[1,2]. Katalizator kimi miixtolif tursulardan, alkilhalogenidlordon, kationitlordon,
alimosilikatlardan, metal oksidlorindon va s. istifads olunur [3-5].

Alifatik  karbohidrogenlordon  forqli  olaraq  tsiklik  karbohidrogenlor  daha
termostabildirlor. Onlarin fenollarla alkillosma mohsullar1 500° C-dok davamlidir.

Taqdim olunan is fenollarin seolit torkibli Seokar-2 katalizatorundan istifads etmokls 1-
metiltsiklopentenls tsikloalkillosma reaksiyalarmin todqiqine hasr olunmusdur.

Metod

Elmi todqiqatlarin  aparilmasi iiglin - xammal kimi fenol, p-krezol vo 1-
metiltsiklopentendon (1-MTSP) istifads edilmisdir.
Fenol va p-krezol istifadadon gabag qovulub tomizlonmisdir.
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1-MTSP tsikloheksanolun dehidrotasiyasindan alinir vo asagidaki fiziki-Kimyovi

xassaloro malikdir: Tgan=75°C ; N3 -1.4347; p2°-0.7782; mk.-82.

Katalizator kimi Seokar-2 istifado olunmusdur.

Fenollarin 1-MTSP ilo tsikloalkillosmo reaksiyalari termometr, garigdirict vo ayirici
qifla tochiz olunmus {icbogazl1 kolbada aparilmisdir. Ik 6nca kolbaya hesablanmis miqdarda
fenol, xirdalanmis Seokar-2 katalizatoru tokiiliib quzdirilir. Temperatur 45° C-yo catdiqda
tizorina damci qifindan damla-damla 1-MTSP olava olunur. 1-MTSP olava edilib
qurtardigdan sonra temperatur 80-140° C-2 qaldirilir vo reaksiya tadgiq olunur. Sonra reaksiya
qarigig1 katalizatordan siiziiliib ayrilir vo rektifikasiya olunur.

Naticalorin miizakirasi

Fenollarin 1-MTSP ilo tsikloalkillosmo reaksiyalarinin optimal sorait tapmaq tgiin
mogsadli mohsullarin ¢iximina vo segiciliyino reaksiyanin temperaturunun, vaxtinin, ilkin
komponentlarin mol nisbatlorinin vs katalizatorun miqdarinin tasiri arasdirilmigdir.

Fenollarin 1-MTSP ilo Seokar-2 katalizatoru istirakinda tsikloalkillogsmo reaksiyalari
asagidaki tonlik tizro gedir:

OH R=-H
————» HO
/< OH —(y,
+ —

Nimums T{giin sokildo fenolun 1-metiltsiklopentenlo Seokar-2 katalizatorunun
istirakinda tsikloalkillosmo reaksiyalari noticasindo alinmis metiltsiklopentil fenolun
¢iximinin va segiciliyinin temperatur, reaksiyanin miiddotin, ilkin xammallarin mol nisbatlori

Vo katalizatorun miqdarindan asililiq ayrilari verilir.
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Sakil. 1-metiltsiklopentil fenolun ¢iximimin (1) va segiciliyinin (2) temperatur (a), vaxt
(b), ilkin komponentlarin mol nisbatlori (c), katalizatorun miqdarindan (d) asililiq ayrilari

Sokildon goriiniir ki, fenolun 1-metiltsiklopentenls tsikloalkillosmo reaksiyalarini
aparmaq {iciin reaksiyanmn temperaturunu 80, 100° C gotiirmok somorali deyil. Bu
temperaturlarda 1-metiltsiklopentil fenolun ¢iximi1 53.2-65.8%, segiciliyi iso mogsadli
mohsula goro 84.0-85.7% olur. Asag1 temparaturlarda osas mohsulun seciciliyinin az olmast
reaksiya naticasinds tsiklopentilfenil efirinin amala golmasi ils izah olunur.

Reaksiyanin temperaturunun artirilmasi ilo metiltsiklopentil grupu aromatik halgsnin
orto-vaziyyatino miqrasiya (Klayzen qruplagmasi) edir. Naticods yan mohsul kimi 2(1-
metiltsiklopentil)fenol alinir. Temperaturun 120° C giymatindo mogsadli mohsulun ¢iximi
68,6%, seciciliyi iso 90.2% olur. Reaksiya temperaturunun sonraki artiminda (140° C-do)
moaqsadli maddanin ¢iximi va segiciliyi asagi diisiir vo miivafiq olaraq 61.3% vo 84.0% toskil
edir. Ilkin xammallarin katalizator ilo gériismo miiddati 3 saat oldugda mogsadli mohsulun
ciximi 65.1%, seciciliyi isa 94.3% olur. Reaksiya miiddati 5 saat oldugda magsadli mahsulun
ciximi va seciciliyi miivafiq olaraq 68.6% va 90.2% olur. Reaksiya miiddstinin artirilmasi ilo
moaqsadli maddanin ¢iximi va segiciliyi ciizi doyisir. Sokildon goriiniir ki, magsadli mohsulun
somorali ¢iximi va segiciliyi ilkin xammallarin mol nisbatlorinin 1:1 giymatlorinds oldo
olunur. Qarisiqgda fenolun miqdarimi 2 dofo artirmaqgla moagsedli mohsulun ¢iximi 71.8%,
seciciliyi 1so 92.4% toskil edir. Bu zaman ¢ixim vo secicilik 2-3% artir. Lakin ¢ixim vo
seciciliyin ciizi artimina gors fenolun miqdarinin 2 dofo artiq gotiiriilmasi iqtisadi baximdan
somorali deyil. Katalizatorun miqdari1 10% gétiirdikkde mogsadli mohsulun ¢ixim vo
seciciliyi yiiksok olur.

Belaliklo fenolun seolit torkibli Seokar-2 katalizatoru istirakinda 1-metiltsiklopentenlo
tsikloalkillosmo reaksiyasi iigiin somorali sorait tapilmisdir: reaksiyanin temperaturu — 120°C,
middoti — 5 saat, ilkin komponentlorin mol nisbatlori — 1:1, katalizatorun miqdar1 — 10%. Bu
soraitdo mogsadli mohsulun — p-(1-metiltsiklopentil)fenolun ¢iximi gotiiriilon fenola goéro
68.6%, seciciliyi iso moagsadli mohsula gora 90.2% toskil edir.
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HNCCIEJOBAHUE PEAKIIUU ®EHOJIOB 1-METHJIHUKJIOIMNEHTEHAMHA
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Pe3iome:PaboTanocBsiieHa M3y4eHHUI0 PEeaKIMi IUKIOAIKUINpoBaHus (eHona ¢ 1-
METHJIIMKJIOTICHTEHOMB IPUCYTCTBHH Katanu3aropa Lleokap-2.

RESEARCH OF THE REACTIONS OF PHENOLS WITH 1-
METHYLCYCLOPENTENE
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Summary:The presented work is devoted to the study of cycloalkylation reactions of
phenol with 1-methylcyclopentene in the presence of Zeokar-2 catalyst.

2-HIDROKSI-5(1-METILTSIKLOPENTIL)ASETOFENONLARIN SINTEZi
Heydarli G.Z., Nagiyeva M.V ., Rasulov C.Q.

Azorbaycan MEA Neft-Kimya Proseslori Institutu, Bak1 soh.
email: heyderligunay6@gmail.com

Acar sozlor: para-(1-metiltsiklopentil)fenol, para-(1-metiltsikloheksil)fenol, sirka
tursusu, katalizator,nano-Katalitik sistem,asillosma, 2-hidroksi-5(1- metiltsikloalkil)asetofenon

Knruesviecnosa:napa-(1-vermukinoneHtun)penon, napa-(1-MeTHIIMKIOTEKCHIT)-
(beHOJ'I, YKCYCHAad KHUCJIOTA, KaTaIln3aTop, HAHO-KATAJIUTUYCCKAA CUCTCMA, AllMJIMPOBAHUC, 2-
rHIPOKCH-5(1-MeTHIIIMKIOANKIIT )alleTO)EeHOHBI

Keywords:para-(1-methylcyclopentyl)phenol, para-(1-methylcyclohexyl)phenol,
acetic  acid, catalyst, nano-catalytic  system, acylation, 2-hydroxy-5 (1-
methylcycloalkyl)acetophenone

Maqalada para-(1-metiltsiklopentil)- vo para-(1-metiltsikloheksil)fenollarin  sirka
tursusu ila Zn asasl nano-katalitik sistemda asillagmoa reaksiyalar: naticasinda 2-hidroksi-5(1-
metiltsikloalkil)asetofenonlarin sintezindan bahs olunur.Para-(1-metiltsiklopentil )- vo para-
(L-metiltsikloheksil)fenollarin ZnCl, katalizatorunun istirakinda sirka tursusu ilo qarsiligl
tosirindan 58.3-67.4 % ¢ixumla miivafiq olaraq 2-hidroksi-5(1-metiltsiklopentil)- va 2-
hidroksi-5(1-metiltsikloheksil)asetofenonlar sintez olunmusdur.

Kimyavi olavalor segimindon asili olaraq fotostabilizator, termostabilizator va S.
funksiyalar yerino yetiro bilor. ©dobiyyat moanbalarindon torkibindo asetil, hidroksil
fragmentlori olan kimyavi birlogsmolorin foto- vo termostabilizator kimi istifado imkanlar
molumdur[1-3]. Bu tip polifunksional xassolor onlarin sanayeds totbiqi ti¢iin genis imkanlar
acir.

Toqdim olunan is para-(1-metiltsiklopentil)- vo para-(1-metiltsikloheksil)fenollarin
sirko tursusu ilo Zn osasli nano-katalitik sistemdo asillosmo reaksiyasina ugradilaraq 2-
hidroksi-5(1-metiltsikloalkil)asetofenonlarin sintrezina hosr olunmusdur.

Metiltsikloalkilasetofenonlarin  alinmast  ii¢lin  ilkin xammal kimi para-(1-
metiltsiklopentil)-,  para-(1-metiltsikloheksil)fenollardan, sirko  tursusundan istifado
edilmisdir. Katalizator kimi nano 6l¢liys gotirilmis ZnCl, gotiirilmiisdiir.

para-(1-Metiltsiklopentil)-  vo  para-(1-metiltsikloheksil)fenollar ~ fenolun  1-
metiltsiklopentenlo vo 1-metiltsikloheksenlo KVY-23 katalizatorunun istiraki ilo Katalitik
tsikloalkillosmasindon alinmigdir.

para-(1-Metiltsikloalkil)fenollarin fiziki-Kimyavi xassolori asagida verilir: para-(1-
metiltsiklopentil)fenolun mol kiitlesi — 176, gaynama temperaturu — 145-148°C (10mm c.st.),
orimo temperaturu — 90°C; para-(1-metiltsikloheksil)fenolun mol kiitlosi — 190, gaynama
temperaturu — 161-164°C (10mm c.st.), arimo temperaturu — 96°C.

Sirko tursusu kimyovi tomiz istifado olunmusdur. Sintez olunmus maddalorin
quruluslar IQ vo '"H NMR analiz iisullar ilo toyin edilmisdir. 1Q spektrlor Almaniyanin
"Bruker" firmasi torofindon istehsal olunan "ALPA IQ-Furye" spektrometrinds, *H NMR
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spektrlori Bruker TOP SPIN cihazinda uygun olaraq 300.13 MHs tezliklordo aseton — ds,
D,0, CDCI;3 va CClj3 halledicilorinda ¢okilmisdir.

Nimuno tglin para-(1-metiltsikloheksil)fenolun sirks tursusu ilo qarsiligli tosir
reaksiyasinin tonliyi asagida verilir:

OH OH O
C.
CH,
ZnCl
CH, *+ CHyCOOH ——2 » CH, + H0

Gostorilon reaksiya asagidaki metodika ilo aparilir: 16.5q (0.12mol) nano o6l¢iiya
gatirilmis ZnCl, va 16.5q (0.27mol) buzlu sirks tursusu kolbaya doldurulub qizdirilir.
Temperatur 100°C-yo catdigda garisi@m iizerina 19.0q (0.1mol) hisse-hisso para-(1-
metiltsikloheksil)fenol slavo edilir vo temperatur 120-160°C-o qaldirilir. Komponentlarin
qarigdirilmas1 20-60 doagige davam etdirilir. Sonra qarigiq xlorid tursusunun sulu moahlulu ilo
yuyulur va asagi tozyiqds govulur. Magsadli mahsul etil spirti ilo yuyulur va fiziki-kimyavi
xassoaloari tayin olunur .

para-(1-Metiltsikloheksil)fenolun sirks tursusu ilo asillosma reaksiyasinin istiqgamatine
tosir edon osas amillordon biri reaksiyanin aparilma temperaturudur. Reaksiya mohsulunun
ciximinin temperaturdan vo vaxtdan asililiq ayrilori asagidaki sokildo verilir.
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Sokil. 2-Hidroksi-5(1-metiltsikloheksil)-(1) vo 2-hidroksi-5(1-metiltsiklopentil)-(2)
asetofenonlarin ¢iximlarinin temperaturdan (a) vo vaxtdan (b) asililiq ayrilori

Sokildon (oyri 1) goriindiiyii kimi, temperaturun asagi hodlorinde 120 °C-do 2-
hidroksi-5(1-metiltsikloheksil)asetofenonun ¢iximi1  xeyli asagi olur: 30.1% (gotiiriilon
tsikloalkilfenola goro). Temperaturu 120-don 140°C-yo qaldirmaqla magsedli mohsulun
ciximi 30.1-don 67.4%-dok artmis olur. Temperaturun 160°C-don yuxari qaldirilmasi ilo
miisbat naticoys nail olmaq olmur; bu zaman ¢ixim 57.5%-dok asagi diisiir. Bu, yiiksok
temperaturda arzu olunmaz mohsullarin alinmast ils izah olunur.

Mogsadli mohsulun ¢iximina tosir edon digor vacib amil reaksiyanin aparilma
miiddatidir. Reaksiyanin miiddsti 20-60 dogigs intervalinda dyronilmisdir.

Sokildon (b) goriiniir ki, reaksiya tiglin gotiiriilon ilkin komponentlorin goriismo
miiddati 30 dogigo olduqgda, 2-hidroksi-5(1-metiltsikloheksil)asetofenonun ¢iximi gotiiriilon
para-(1-metiltsikloheksil)fenola géra 67.4% toskil edir. Reaksiya miiddatinin artirilib
azalmast ilo elo bir ciddi doyisiklik olmur.

Belaliklo, para (1-metiltsikloheksil)fenol sirko tursusu ilo nano olgiliic ZnCl,
katalizatoru istirakinda asillosmo reaksiyasinin hoyata kegirilmosi {igiin asagida gostarilon
soraitdo: 140°C temperaturda, 30 dogige miiddatindo mogsadli mohsulun 2-hidroksi-5(1-
metiltsikloheksil)-asetofenonun ¢iximi 67.4% toskil edir.
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Mogsadli mohsul govulub ayrildigdan sonra onun IQ vo *H NMR- spektrlori ¢akilib
kimyavi quruluslari va fiziki-kimyavi xassalori toyin edilmisdir.

Maddonin empirik formulu — Ci5H300,, mol kiitlasi — 232, gaynama temperaturu —
166-168°C (10mm c.st.), arima temperaturu — 114.8°C.

Eyni ilo para-(1-metiltsiklopentil)fenolun sirko tursusu ilo Katalitik asillosma
reaksiyas1 aparilmigdir. 2-Hidroksi-5(1-metiltsiklopentil)asetofenonun empirik formulu —
C14H180,, mol Kkiitlesi — 218, gaynama temperaturu — 150-152°C (10mm c.st.), orima
temperaturu — 113.3 °C.

Miioyyan edilmisdir ki, reaksiya temperaturunun 135-140°C, 30-40 dogige miiddatindo

2-hidroksi-5(1-metiltsikloalkil)asetofenonlarin ¢1ximi gotiirtilon para-(1-
metiltsikloalkil)fenola gora 58.3-67.4% toskil edir.
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CHUHTE3 2-TUAPOKCHU-5(1-METHJIIUKJIOAITKUI)AIHLETO®EHOHOB
T'eioapnu I'.3., Hacueea M.B., Pacynoe 4.K.

Hucmumym Hegpmexumuuecxkux Ilpoyeccoe HAH Azepoaiiorcana

B cratbe paccMoTpeH cuHTe3 2-THIPOKCH-5(1-METHINUKIOAIKII)aleTOQEHOHOB B
pe3ynbrate  peakiuii  amwiupoBaHus  napa-(l1-mMetwnumkionentwn)- U napa-(1-
METHJILMKIIOTeKCHIT)(DEHOJIOB  YKCYCHOM KHCIOTOM B HAHO-KaTaJUTUYECKOHM CHCTEME.
BiaunmoneiictBrueM napa-(1-MeTHIMKIONEHTHI)- U napa-(1-MeTHAIMKIOreKCHT)(EeHOIOB ¢
YKCYCHO# KHCIIOTOM B IpUCYTCTBUH KaTanu3aTopa ZNnCl, C ObUIN MoMy4eHbl COOTBETCTBEHHO

2-TuApOKCU-5(1-METHITIUKITOTICHTHIT )- u 2-ruapokcu-5(1-
METHIILHUKIIOTeKCHI )arieToheHOHBI, Bhixoaamu 58.3-67.4%.

THE SYNTHESIS OF
2-HYDROXY-5(1-METHYLCYCLOALKYL)ACETOPHENONES

Heydarli G.Z., Naghiyeva M.V., Rasulov Ch. K.

Institute of Petrochemical Processes of NAS of Azerbaijan

The article considers the synthesis of 2-hydroxy-5 (1-methylcycloalkyl)acetophenones
as a result of the interaction of para-(1-methylcyclopentyl)- and para-(1-
methylcyclohexyl)phenols with acetic acid in a nano-catalytic system. The interaction of
para-(1-methylcyclopentyl)- and para-(1-methylcyclohexyl)phenols with acetic acid in the
presence of a ZnCl, catalyst with yields of 58.3-67.4% yielded 2-hydroxy-5(1-
methylcyclopentyl)- and 2-hydroxy-5(1-methylcyclohexyl)acetophenones.

137



AJIKOOKCUNOJIUPOBAHHUE AJIVINJIOBBIX D®HUPOB B CPEJIE
HEINPEJAEJIBHBIX ITPOITAPTMJIOBOT'O U AJIVIMJIOBOT'O CITUPTOB

A3uzoeiiniu A.P. 1, Tanviooe I'M.*
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2A3ep6aﬁ1[>KaHCKHﬁ Texuuueckuit Yuusepcurer, AZ1073, baky
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Acar sozlar: Alkooksiyodlasdirma, allil spirti, propargil spirti, klinoptilolit

Key words: Alcoxyiodination, allyl alcohol, propargyl alcohol, clinoptilolite

KiroueBbie cioBa:AJIKOKCUMOAUPOBAHUE, AJUIMJIOBBIM W IPONAPTUIIOBBIA CHUPT,
KJIMHONTUJIOJIUT

OmvH W3 BaXHBIX CIIOCOOOBCHUHTE3a AUTWIOBBIX  [3-HOIPMUPOB  SBISIOTCS
AITKOKCUHOIUPOBAHUE aJIKEHOB HerpenenbHbIMU C3-cliupTaMu ¥ MoJ10oM B npucyrctsun HgO
[1]. Hamu Haiimeno, uro 3amena mnociemdero Ha kauHonTmaoauT  (NaK);CaAlsSizO7;
CIOCOOCTBYET MPOBEJCHUIO TIpoliecca C ydacTuem Ooiiee 0€30MacHOr0 W HESAOBUTOTO
KaTajmzaropa. B kadecTBe 3aMEIICHHBIX AJKEHOB HCIIOJIB30BAJIKMCH AJUTHIIOBBIC 3(HUPHI, B
pe3ysibTaTe aJKOKCUTAJIOI€HHPOBAHMSI KOTOPBIX MONy4aroTcsi ¢ BbIxogoM 10 80%
no(UPEHL.

AN la, HOCHR' o\j
RO (NaK)sCaAlgSizOrs g !

1-6

R=Et (1,4), n-Bu (2,5), PhCH,, (3,6)
R1=CH=CH,(1-3), C=CH(4-6)
Cnenyer OTMETUTb, YTO HCCIECNOBAHHBIE pPEAKLUUU NPOTEKAIOT MPEUMYIIECTBEHHO
PErHOCENIEKTUBHO, COIVIACHO IpaBuUiy MAapKOBHMKOBA, O YE€M CBMJETEIbCTBYIOT JIaHHBIE
cnektpoB SMP  cuHTe3upoBaHHBIX coeAMHEHHH. (O  pEruoceneKTUBHOM  aJIKOKCH-
MOJIMPOBAHUM [JBOMHON CBS3M QJUIWJIOBBIX AI(PHUPOB CBUIETENILCTBYET HAJIUYME CUTHAJIOB
METHJICHOBBIX TIPO-TOHOB mipu ~3.95 n.a (1H, J=12.5, 5.5 T'm), u ~4.09 n.a (1H, J=12.5, 5.5
I'n), B criekTpax 'H IMP npoaykToB peakuuu (1-6), a Taxoke npucyrcreue B MK-cnektpax
TOJIOCHI TIOTJIONICHHS BAJICHTHBIX KoeGanwuii cBsi3u C-1 B o6mactn 545-560 cm™.
AJIKOKCUMOMPOBAaHME  LMKIMYECKUX  BHHWIOBBIX  3(QHUPOB—2,5-Turuapodypana
IPOTEKAIOT PEruo- M CTEPEOCENIEKTHUBHO IO ABOWHOHN cBsizu. OO0 3TOM CBUAETEIBCTBYIOT
Taroke ganasie "H SIMP CIIEKTPBI IPOIYKTOB PEAKLIUH.

/"
% 1
I, HOCH,R
(NaK)4CaAlgSizg072
(] (0]
R=CH=CHj, (7); C=CH (8) 78

CuHTe3UpOBaHHBIE COEIMHEHUS MPEACTABISAIOT MPO3PAvyHbIE KUIKOCTH TEMHO-KEITOIO
[[BETA, XOPOLIO PACTBOPHUMBIE B OPraHMYECKUX PACTBOPUTENSAX U HE PACTBOPUMBI B BOJE,
CTaOMIIbHBIE NTPU XpaHEHUH NTPH KOMHATHOH Temriepatype. OTCYyTCTBHE HarpeBaHus U ciadas
KHUCJIOTHOCTh CpPEJbl TMO3BOJISIOT M30€KaTh BO3MOXKHBIX MOOOUYHBIX IMPOILIECCOB, HAIpPUMED,
MU30MEpU3aLUH IPONAPTUIIOBOM IPYIIIILI B AJUIEHOBYIO CUCTEMY.

DOYMAMIS PROPARQIL VO ALLIL SPIRTi MUHITINDO ALLIL EFiRLORININ
ALKOKSIYODLASDIRILMASI

Ozizbayli*A.R., Talibov’G.M.
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Alil efirlorinin alil vo propargil spirti miihitinda klinoptilolit (NaK),CaAlgSizO7; istiraki ilo
alkoksiyodlasdirilmas1 zamani yiiksok ¢iximli B-yodefirlor alimir. Miioyyon etmisik ki,
katalizator olaraq klinoptilolitdon istifads edilmasi prosesi daha az zsharli va tohliikasiz edir.

ALCOOXYIODINATION ALLYL ETHERS IN THE MEDIUM OF UNSATURATED
PROPARGYL AND ALLYL ALCOHOLS

Ezizbeyli* A. R., Talybov?.G. M.

Abstract: Alcoxyiodination of allyl ethers in allyl and propargyl alcohols in the presence of
clinoptilolite (NaK) 4CaAlgSiz3pO7, with the participation of crystalline iodine leads to the
production of B-iodoethers of unsaturated Cs-alcohols in high yields. We have found that
participation of clinoptilolite (NaK)sCaAlgSizO7, promote process more secure and non-
toxic.
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CHUHTE3 CJIOXHbBIX O®PUPOB AIMOPATHYECKHUX JIBYXOCHOBHbBIX
KHUCJIOT B ITIPUCYTCTBUU HAHO-ZnO
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Cpenn mpuUMEHSEMBIX B TMPOMBIIUIEHHOCTH IJIaCTU(PUKATOPOB, 0c000€ MECTO
3aHUMAIOT d(UPHI TUKAPOOHOBBIX KHUCIOT JKUPHOTO M apOMATHYECKOTO psifia. DTO CBSI3aHO C
TE€M, YTO MHOTHE COCIWHEHUS JaHHOTO KJacca YJIOBJIETBOPSIIOT OCHOBHBIM TPeOOBaHUSM,
npenbsBiIsieMbIM K  Tuiactudukatropam. OHH  BBITOJHO  OTIMYAIOTCS OT  MHOTHX
MIacTU(UKATOPOB TMPOJOIDKUTENBHOCTRIO JCHCTBHSI M MAalloil JIETY4ecThlO, YTO HMeEET
0O0JIBIIIOE 3HAUCHUE MPU TEPMOIUIACTHIECKON mepepadboTke moauMepoB. Kpome Toro, manHbie
1acTU(UKATOPhl MPHUAAIOT TMOMMMEPHBIM H3ACTUSM MPEBOCXOJHYIO CBETO-, MOPO30- U
BOJIOCTOMKOCTh. [loaTOMy M3 001Iero 4ucia BeipadaThiBaeMbIX muiactudukaropon, 70-75 %
COCTABJISIIOT APUPHI (HTAICBOM, ATUITHHOBOM U CEOAITMHOBOM KHUCIIOT [1-6].

B ¢Bsi3u ¢ BBIICIIEpEUYHCICHHBIMU TPEUMYIIIECTBAMH 3(PHPOB JBYXOCHOBHBIX KHCIIOT, C
[ENbI0  yBENUYEHHUS  acCOpTUMEHTa  JI(PQPEKTUBHBIX M OKOJOTHYECKH  YUCTBIX
mIacTU(UKATOPOB, B  HACTOAIIEH paboTe TPOBOAMIICA WX CHHTE3 Ha OCHOBE
JUTHIPOTUITMKIIONEHTaINEHOJIa B IPUCYTCTBHH FE€TEPOTEHHOTO KaTanu3aropa HaHo-ZnO.

Cunres OUC-TUTUIPOTUTTNKIIONIEHTATUEHUTIOBBIX a¢upoB ampaTHICCKUX
JIBYXOCHOBHBIX KHCJIOT MPOTEKAET MO CIAEAYIOIIEH cXxeMe:
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o) O
ZnO I I
— OH -+ HOOC(CH,),COOH———> _ — 0C — (CH,),CO—| ‘
2

N-KOJIMYECTBO METUIJICHOBBIX I'PYIIII.

C uenpl0 YCTAaHOBJICHHS  YCJIOBUN ATepuUKANMK ITUTHUAPOIULIUKIONCHTAINCHOIA
SHTAPHOH M aJUIIUHOBOM KHUCJIOTaMH ObLla MPOBEJACHA CEpUsS OMBITOB IO HAXOXKJICHHUIO
ONTUMAIBHOTO KOJIMYECTBA KaTAJIU3aTOPa U COOTHOIICHUS PEarupyronX KOMIIOHEHTOB.

CuHTE3 MPOBOAWIM B PEAKIIMOHHOW KOJOE, CHAO)KCHHOM MEXaHMYECKOW MEIIaIKoH,
00paTHBIM  XOJOJWUJIBHUKOM, JIOBYIIKOW JUIsi OTHCJICHHS BOABI M  TEPMOMETPOM.
BzaumopeiictBuem kucnotrsl U crnupta (30%-HbIE M30BITOK) B cpelie OpPraHMYECKOro
pacTBOPUTENS B MPUCYTCTBUU KaTtanu3aTtopaHaHo-ZNO (pa3mep yacTui-44 HM)peakiuio Beln
JI0 TpEeKpalleHus BbIJACICHUs Bojbl. KoHEI peakmuu, KpoOMe TOTo, KOHTPOJIMPOBAIU
OTIpe/ICICHUEM KHCIIOTHOTO YHWCIa TEPUOAMYSCKUM B3SITHEM Tp00. 3HAYCHHE KHUCIOTHOTO
yrclia B KOHIIE PEaKIMU OMPEIENAIOT PACYETHBIM IyTEM, UCXOJS U3 KOJIUYECTBa B3STOTO
karanuzaTtopa. [lo OKOHYaHWM CHHTE3a PEAKIMOHHYI0O CMECh OXJIaXJalu 10 KOMHATHOMN
TEMIEpaTypbl W OTAENSUIM CMeCh OT KaTtanuzaropa ¢uibTpoBaHueM. llocie oTroHku
pacTBOPUTEIISL, IEPETOHSIETCS] U30BITOK HCXOAHOTO CIIUPTA, a 3aTEM 11E€JIEBOM TPOIYKT.

Taxkum 00pa3oM, Ha OCHOBAaHHMH paHHEE MPOBEACHHBIX UCCISAOBAHUH [2,7] onpeneneHbl
CIIEyIOIME ONTHUMAJbHBIE YCIOBHS: pacTBopurenb — Toiyos (50% Bec. Ha 3arpysky),
Kartanu3atop — HaHo-ZNO, B3saThid B KommuecTBe 0,6-1,0 % Mac. Ha HCXOIHYIO
JIBYXOCHOBHYIO KHCJIOTY, COOTHOIIICHUE JIBYXOCHOBHBIX KHCJIOT u
TUTHIpoauIKiIoneHTaauenona 1:2,3, remneparypa — 110-120°C, Bpems ot 3 1o 3,5 yacos B
3aBUCHUMOCTH OT JIJTUHBI YTJIEBOJOPOIHOM LIETIH UCXOAHBIX JIBYXOCHOBHBIX KHCIIOT.

Ornpenenenbl (bU3HKO-XMMHYECKHE MoKa3aTesu CHUHTE3UPOBAHHBIX owuc-
TUTUAPOAUITUKIIOTICHTaIMEHIIIOBBIX 3(DHPOB, KOTOPHIE MPUBEICHBI B TAOIHIIE.

HekoTtopeie (u3MKO-XMMHUYECKHE TOKa3aTeNu JUTHAPOIUIIUKIONECHTAAMCHUIOBBIX
3¢UpPOB SHTAPHON U aTUIUHOBON KUCIOT

HasBanue T.xum. DIeMeHTHBIN cocTaB, % Yucino OMBUICHUS
b b b

Beixon, | °C/ MIla p420 Np2° MrKOH/r

% C H HaN. BBIY.
Hala | BBIY. | HAWJ | BBHIY.

Cyknuanat | 90,5 243-245/ | 1,1020 | 1,5069 | 754 756 |7,7 |7,3 |290 291

2,66-10™

Anmnnuaar | 89,8 260-262/ | 1,0416 | 1,5030 | 76,1 | 76,0 |82 |83 |272 273

3,99-10™

buc - nuruapoaMIMKIONEHTaueHIIIOBBIE A(UPBI MPEJICTABISIIOT COOON >KeNTOBaThIe
BSI3KHE JKUJIKOCTH C XapaKTEPHBIM 3aIlaXOM, HE PACTBOPUMBI B BOJE, XOPOLIO PaCTBOPSIOTCS B
OpPraHWYECKHUX PACTBOPUTEIAX.
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NANO-ZnO KATALIZATORUNUN ISTIRAKI iLO ALIFATIK TURSULARIN
MUROKKOB EFiRLORININ SINTEZI

Sadiyeva N.F.,Isgandarova S.A., Osadova S.N., Cerepnova Y.P., Musayeva A.P.

Nano-ZnO katalizatorunun istiraki  ilo kohroba vo adipin tursulart osasinda
ditsiklopentadienolun miirokkab efirlorinin alinmasi tisulu verilmis, mogsadli mohsullarin
yiiksok c¢ixim1 miisahido olunan optimal soraiti secilmis vo fiziki-kimyovi xassolori
Oyronilmisdir.

CHUHTE3 CJIOKHbBIX 2PN POB AIMOPATHYECKHUX KUCJIOT B
MNPUCYTCTBHUU HAHO-ZnO

Caouesa H.®., Hckenoeposa C.A., Acaooea Il H., Yepennoea F0.11., Mycaeea A.Il.

Onucan METOA MOJIyYEHHs CIOXKHBIX JTUTUIPOLMKIONEHTAIMEHOIOBBIX A3(PUPOB SIHTAPHOU U
QJIUTIMHOBOM  KHCJIOT KaTaIMTHYECKOW dTepudukanmeii B mpucyrctBuu  HaHO-ZNnO.
[TonoGpanbl ycnoBHsS CHHTE3a LIEJEBBIX MPOAYKTOB C MAaKCHMAaJbHBIM BbIXOJOM. M3yueHbl
(bU3NKO-XMMHUYECKHE CBOMCTBA CHHTE3UPOBAHHBIX TUI(PUPOB.

SYNTHESIS OF ESTERS OF ALIPHATIC ACIDS IN THE PRESENCE OF NANO-
Zn0O

Sadiyeva N.F., Isgenderova S.A., Asadova Sh.N., Cherepnova Y.P., Musayeva A.P.

A method for obtaining of dihydrocyclopentadienol esters of (ethane dicarboxylic acid) amber
and adipic acids by catalytic esterification in the presence of nano-ZnO is described. The
141



conditions for the synthesis of target products with the maximum yield have been selected.
The physicochemical properties of the synthesized diesters have been studied.

CHUHTE3 OTHJIEHI' JIMKOJIEBOI'O IUDPUPA CUHTETHYECKUX KUPHBIX
KHUCJIOT TP KATAJIMTUYECKOM ITPUCYTCTBUU
CYJIb®OAPOMATHUYECKNX COEIUHEHUI

Kepumosa Y.A., Anuesa A.3., Hopacumos X./1.,
Anuszaoe III.A., I1wo06a X.T.

HNucturyT HedTexumuyeckux mporeccoB uM. ak. 10.I'. Mamenanmnera HAHA,
baky, Azep0Oaiixan

Acar sozlar: efirlosmo, ultrasaslo emal olunan, miirokkab efirlor
Sulfoaromatik birlogmoalorin katalitik istiraki ilo sintetik yag tursularimin etilenglikol
diefirlori sintezi aparilib. Karbon tursulart (RCOO)3Cr katalizatorun istirakt ilo
undekanmin oksidlasmasindan alimib. Alinan diefirin strukturu 1Q spektr ilo tasdiq
edilmisdir.

Key words: esterification, ultrasound by treated, ester
An ethylene glycol diester based on synthetic fatty acids in the catalytic presence of
sulfoaromatic compounds has been synthesized. Carbonic acid salts were obtained from
the oxidation of undecane in the presence of a (RCOO)s;Cr catalyst treated by
ultrasound.Diester structure was confirmed by IR spectrum.

KiaroueBbieciioBa: sTepuduKarms, yIBTPa3ByKOBassoOpaboTKa,

CIIOKHBIEI(PUPBI
Cunme3suposan dmuneHIUKONesbill OUIPUP HA OCHOBE CUHMEMUYECKUX HCUPHBIX
KUCIOM NpU  KAMAIUMU4ecKOM NPUCYMCMEUU  CYIbOOapOMAmuieckux CoeOuHeHuil.
Kapbonosvie kuciomsi 6viiu noayueHvl U3 OKUCIEHUs YHOEKAHAd 6 NPUCYmCmeuu
(RCOO)sCr kamanuzamopa, obpabomannozo ynvmpaszgykom.Cmpykmypa ousgupa
oviia noomeepoicoena UK cnexkmpom

CnoxHble 3¢upbl HEPTSIHBIX KHUCIOT HAXOAAT IIMPOKOENPAKTUYECKOE IPUMEHEHUE B
Ka4yecTBE PAaCTBOPHUTENEH, CMa30YHBIX MAaTEpUAIOB, 100aBOK K TU3EIbHBIM TOIJIMBAM U T.J.
[1,2]. B mnpou3BOACTBE CHHTETHYECKHX TOJIMMEPHBIX MAaTePHAJIOB CIOXKHBIC A(PHUPHI
OPUMEHSIOT B KayecTBE IUIACTH(PUKATOPOB OPraHWYECKMX KHUCIOT HM3-3a MX CIIOCOOHOCTH
IpUIaBaTh MOJMMEPHBIM MaTepuaiaM 3JacCTUYHOCTb, MOPO30CTOMKOCTh U (JOPMYEMOCTb, UTO
CO3/1a€T BO3MOXKHOCTb PACHIMPHUTH 007IaCTH X MPUMEHEHUS U YAIHMHUTH CPOK SKCILTyaTalluH.
CuHTe3  CIHOXHBIX  3(QUPOB  XapaKTepU3yeTcs  BO3MOXHOCTBIO  NPUCOETUHEHUS
YIJI€BOAOPOAHBIX PAJMKAJIOB 3aMEIEHHEM BOJOPOJia B THAPOKCUIBHOM Ipyrine KapOOHOBBIX
kucaoT. Jlyis yckopeHusi 3TOro Ipoliecca HYKEH MpaBHIbHBIM BBIOOp Karanu3aTopa, B
KayecTBE KOTOpPOr0O HaMu ObUIO  BBHIOpAaHO COEAMHEHHE, TOJYy4aeMoe peakIuen
cynb(pUpOBaHUS JU3ENbHOW (pakiMM, BBICICHHOW ©3 cMmecH bakuHCKUX He]Tel,
KOHIICHTPUPOBAHHOW cepHOM Kuciotoil. B wurTore peakium cyiabpupoBaHus ObUIH
o0Opa3oBaHbl cylb(oapoMaTHiyecKie COeAuHEeHHs W HapTeH-nmapadUHOBBIA KOHIIEHTpAT,
NOJBEpraloIuiicss B JAajbHeWIeM >XuakodaszHoMy a’poOHoMy okucineHuto [3]. Llenbio
JAHHOTO HCCIIEOBaHMs SBJIIETCS HCIOJIb30BaHUE CYNb(POAPOMATUUECKUX COEIMHEHUN B
Ka4yecTBE KaTalu3aropa peakiuu 3TepU(UKALUN ATUICHIVIMKONS C KUPHBIMH KHCJIOTaMHU,
MOJIyYUEHHBIMU M3 JKUJAKO(hA3HOrO a’poOHOro OKHUCIEHUs YyHJAeKkaHa [4], rae Obuin
IIOCTABJIEHBI CIIEYIOIINE 3a1a4M:

® TOJy4YuTh MH(MOPMALIMIO O MapamMeTpax PeakUH MOJYyYEHHs ITHIICHTJIMKOIEBBIX 3(UPOB
cuaTeTnyeckux XUpHBIX KUCIOT (CKK) B mpucyTcTBUH Cyh(hOapOMaTHUYECKUX COCTUHEHUM
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Y TIPOBECTH CPABHEHHE C aHAJIOTHYHBIMHU MapaMeTpaMu MPOMBIIICHHOTO Katainu3aTopa KVY-
2 (H);

® paccMOTpeTh  MeXaHu3M  00pa3oBaHUs  CIOXKHBIX  3QUPOB ¢ ydacTHeM
Cyb(poapoMaTHYECKIX COCAMHCHUIA,

® TIPOBECTH MPUHIUITHATEHYIO OIICHKY MEPCIIEKTUBHOCTH UCTIOJIb30BaHUS
Ccynb(hoapoMaTHYECKUX COCIUHEHUN KaK KaTallu3aTopoB IIPOIecca CHHTE3a CIOXKHBIX
3(hupoBs.

Odupsl KUPHBIX KUCIOT CHHTE3UPYIOTCSA, KaK MPAaBWIO, MO KIACCHUECKUM METOAaM
sTepudUKaIK B IPUCYTCTBUU KUCIBIX KaTaIM3aTopoB [5].

[Ipenmonaraemplii  OOIIMIT MEXaHW3M CHHTE3a CJIOXKHBIX J(QUPOB JKUPHBIX KHUCIOT |
STHJICHTIIMKOJISIB IPUCYTCTBUN KaTaTU3aTOPa MPEICTABISACTCS CICAYIONIMM 00pa3oM:

0
R-C RCOOH
o
PN a3
R-C URX R-CRX
0<R’ OH
\ H R
H,0 PHR No” Etilenglikol
R-C-0O:R"X g
i ats T
OH R - C\ R™X

rae R- panukan kucnotel, R'- iumernnennuruapoxcun; R™- X - karanuzarop.

[Tponiecc compoBoXkancs MEPeroHKONW M30bITKA CIUPTAa — STUICHTJIMKONSA U BBIACICHHEM
LIEJIEBOr0 NMPOJYKTa ATHICHINIMKOJIEeBOro audgupa. IlomydeHHelii qusdup mmeer cBetiio-
KOPUYHEBBIH LBET CO CIIEU(PUUECKUM 3aaXOM.

Cxema cuHTe3a OOBEKTOB UCCIEIOBaHUS — JTWieHrukoieBoro amdpupa CXKK B
IPUCYTCTBUH CYTb(HOAPOMATHUECKUX COSJMHEHUH B KaueCTBE KaTaIn3aTopa peaKkIiu:
CH, - OH T°C,kat G2 OC
+ IRCOOH _— 0
- 2HyO /
CH, - OH CH;-0-C_
R

rae R — pagukan CXKK.

Obpazer; nonyuenHoro aumddpupa CXK Opur upentuduuupoBan HMK-cnekTpockomnuei,
OoTpakeHHOM Ha puc.l, rae ObUIM HIEHTU(UIUPOBAHBI CIENYIOIIME CUTHalbl: 724 em™
OTBeuaeT MasTHUKOBBIM Kojebanusm C-H cszeit rpynmet CHj; cnabbie curnanst 1168, 1246,
1266 cm™ cooTBeTCTBYIOT CBs3U C-O-C cl0KHBIX 2QUPOB, T.€. OTOXKIECTBISIOT 00pa30BaHHE
HE3HAYHMTEIHHOTO KOJTHYECTBA MOHOS(HPOB; monoca moriomenns 1729 cm™ orsesaer C=0
cBs13U cnokHoro 3dupa; 1377, 1454, 2861, 2923 cM™ TIONIOCH! MOrIOmEHNs COOTBETCTBYIOT
nedhopMaIrmoOHHBIM U BalleHTHBIM KosebanusiM C-H cBsizu rpynn CH3 u CHo.
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Puc. 1. UK-cnektp stunenriaukoieBoro auddupa CXKK.

Takum 00pa3oM, HCHOIB30BaHUE CYIb(HOAPOMATHYECKUX COCTUHEHUH B KadecTBE
Karaju3aTopa peakuuii srepudukanuu strieHrnukois u CKK no3Bosnser:

- YTUJIM3AIHIO OTXO0I0B PEAKINU CYyIb()pUpOBaHUS;

- YMEHBIIUTH BpeMsl TMpPOBEIEHUs peakuuu B 3-4 pasza, MO CPaBHEHUIO C
TIPOMBIIILIEHHBIM KaTamusaTopoM KY-2 (H") (Bpems peakuun 10-12 uac; Beixon 70-75%) u
MOJIYYUTh LIEIEBOM MPOAYKT B KosnuecTBe 76.3%.

B wurore HaiineHsl onTtuManbHble ycioBHs peakuumu stepudurammu COKK u OI:
temrnepatypa 110-120°C, MoJIbHOE COOTHOLIEHME KHMCIOTHI K cOoupry- 2:1.5, KOIMYecTBO
Katanmzaropa — 2.5 % mac. K B3ATOH KHCIOTE, TPOJAOIDKUTEILHOCTD peakuu 3-4 4.
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Synthesis of ethylene glycol diester of synthetic fatty acids in the catalytic presence
of sulphoaromatic compounds

Karimova U.A., Aliyeva A.Z., Ibragimov H.C.,
Alizade Sh.A., Eyubova X.T.

Y.H.Mammadaliyev Institute of Petrochemical Processes of Azerbaijan National
Academy of Sciences, Baku, Azerbaijan

Sulfoaromatik birloasmalorin katalitik istiraki ils sintetik yag tursulariin etilenqlikol
diefirinin sintezi

Karimova U.9., Oliyeva A.Z., Ibrahimov H.C.,
dlizada S.A4., Eyyubova X.T.
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BITSIKLO[2.2.1]JHEPT-5-EN-2-KARBON TURSUSUNUN [1-N-(1,4,7-AZAHEPTAN)]
AMIDININ BUTiLYQDiD KOMPLEKsLaRiNiN KORR.OZiYA\'{A.
QARSI INHIBITOR-BAKTERISID XASSOLORININ TOYINI

Babayeva V.H., Mammadbayli E.H., Mammadova N.M.,

AMEA akademik Y.H. Mammadaliyev adina Neft-Kimya Proseslori Institutu, AZ 1025
Baki, Xocali pr., 30
e-mail: nuraybabyeva2008@gmail.com

Acar sozlar: korroziya, norborn-5-en-2-karbon tursusu,dietilentriamin, amid,
sulfatreduksiyaedici bakteriyalar

Key words: corrosion, norboron-5-ene-2-carboxylic acid, diethylenetriamine, amide,
sulfate-reducing bacteria

Karwuesbie cjI0BAa: Koppo3us, HOpbOOp-5-en-2-kapbonosas Kucaoma,
OUDIMUNEHMPUAMUH, AMUO, CYTbHAMBOCCMAHABIUBAIOWUE DaKmepuu

Xiilasa

Norborn-5-en-2-karbon tursusu ilo dietilentriamin ssasinda alinmis amidin (1:1; 1:2)
nisbatlorinds alkilhalogenidlorlo garsiligh tasirindon geyri—iizvi anionlu komplekslari sintez
edilmis vo bu komplekslorin bakterisidlik effekti toyin olunmusdur. Sintez igiin
alkilhalogenidlardan butilyodiddon (C4HoJ) istifado olunmusdur.Miioyyan edilmisdir ki,
CsHoJkompleksi (1:1) 25 mq/l qatiligda 58.4% biosid, 50 mgq/l gatiligda 94% vo 100 mg/I
qatiligda 99% bakterisid effekti, C4HoJkompleksi (1:2) 25 mq/1 qatiligda 61% biosid, 50 mq/1
qatiligda 95% vo 100 mgq/l qatiligda 100% bakterisid effekti gostormoklo bakteriyalart
tamamilo mohv edir.

Tobistdo on ¢ox miisahido olunan proseslordon biri do korroziya prosesidir[1].
Metallarin mikrobioloji korroziyasi torpaq vo su miihitinds daha genis yayilmis korroziya
novidiir. Mikrobioloji korroziyanin osas toradicilori sulfatreduksiyaedici bakteriyalardir
(SRB). Onlar yeralt1 boru keamarlarinin vo digar avadanliglarin anaerob soraitds korroziyasina
sabab olan an asas mikroorganizmlordir. Neft sonayesi va digar sanaye sahoalorinds bas veran
mikrobioloji korroziyanin qarsisint almaq tgiin inhibitor-bakterisidlordon genis istifado
olunur[2,3,4]. Kompleks birlogsmoalorin alinmasi zamani ilk O6nconorborn-5-en-2-karbon
tursusu vo dietilentriamindon amid sintez olunur. Alinms amidin qeyri-iizvi anionlu
komplekslorinin sintezinds alkilhalogenidlordon C4HgJdan istifado olunur. Reaksiya asason
50-60°C arasinda 3 saat qarisdirilmaqla aparilir.

Sintez olunmus bitsiklo[2.2.1]hept-5-en-2-karbon tursusunun [1-N-(1,4,7azaheptan)]
amidinin komplekslorinin sulfatreduksiyaedici bakteriyalara qarsi antibakterial (AB) kimi
siaglarinin naticalori cadvalds verilmisdir:

Cadval.
Komplekslorin gatiligdan asili olaraq bakterisid effektinin naticolori

Maddonin Bakteriyalarin

Komplekslarin izopropil I sayt  (hiiceyra H2S miqdar | Bakterisid
spirtinds mohlulu datt (21, yio eI man effekti, Z-%
mq/I say1/ml)

1 2 3 4 5)
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bitsiklo[2.2.1]hept-5-en-2- 25 10* 198 58.4
k?lr‘t?on o _ -tl-lI'SU.SllIluIl 50 10 297 94
dietilentriamin amidinin  C4HgJ
kompleksi (1:1) 100 10 4.6 99
bitsiklo[2.2.1]hept-5-en-2- 25 10* 187 61
k?r‘t?on o tursuéu.m%n 50 10 o5 & 05
dietilentriamin amidinin
C4HgJkompleksi (1:2) 100 - - 100
Kulturasiz miihitdo H;S-in miqdarn -30-32
Yoxlama -1
mq/l
Yoxlama -1l 10° Kulturali miithitds H,S-in miqgdar1 - 476 mq/I

Codvaldon goriindiiyii kimi C4HeJkompleksi (1:1) 25 mq/l qatiligda 58.4% biosid, 50
mq/l qatiligda 94%, 100 mq/l qatiliqda 99% bakterisid effekti, C4HgJkompleksi (1:2) 25 mq/l
qatiliqda 61% biosid, 50 mg/l qatiligda 95%, 100 mq/l gatiligda 100% bakterisid effekti
gostormoklo bakteriyalar1 tamamila mahv edir.

W3VUEHWUE BAKTEPALIAI-UHTABUTOPHBIX CBOMCTB CyHoJ
KOMILIEKCOB [1-N-(1,4,7-A3ATENTAH)AMUJA BULIMKJIO[2.2.1]-TENT-5-EH-
2-KAPBOHOBO# KUCJOTbI

babaesa B.I'., Mameoobeiinu 3.y Mameoosa H.M.
AOcTpakT

CuHTe3upoBaHbl HEOPraHMYECKHE AHMOHHBIE KOMIUIEKCHI peaklHel B3auMOJEHCTBUS
QIKUITAJIOT€HUIOB C aMHUJIOM, MTOJIyYEHHOM Ha OCHOBE HOpPOOp-5-eH-2-KapOOHOBOM KHUCIOTHI
U JUATUJICHTPUAMUHA B pa3iIMuHbIX cooTHomeHusx (1:1, 1:2) u uccnenoBan OakTepUIIMIHBIN
3P PEKT ITUX KOMITIEKCOB. [[1s CHHTE3a MCMONb30BaIN Takue alKuiaragoreHu sl kak CqHgl.
YcranoBneno, uto komruiekc CyqHoJmpu cootHomenuu (1:1) mpm koHmeHTpamuu 25 Mr/a
nposiBiser 58.4% Ouonun, npu kKoHuenTpauun 50 mMr/n 94% u npu koHuenTpauuu 100 mr/n
99%-np1ii  Oaktepunuaablii  dpdext. Kommuexc CsHoJ mnpm  cootHomenun (1:2)
KOHIIEHTpauuu 25 mr/n npossuser 61% Ouonun, npu koHuentpauuu 50 mr/n 95%, u a npu
koHuentpanuu 100 mr/m 100% -Hb1it 6akTepuuaHbIN YO PEKT.

STUDY OF BACTERICIDE-INHIBITOR PROPERTIES OF C4HyJ COMPLEXES OF
[1-N-(1,4,7-AZAHEPTANE)AMIDE OF BICYCLOJ2.2.1]-HEPT-5-EN-2-
CARBOXYLIC ACID

Babayeva V.G., Mammadbayli E.H.,Mammadova N.M.
Abstract

Inorganic anionic complexes were synthesized by the reaction of interaction of alkyl
halides with an amide prepared on the basis of norboron-5-en-2-carboxylic acid and
diethylenetriamine in various ratios (1: 1, 1: 2), and the bactericidal effect of these complexes
was investigated. For synthesis, we used such alkyl halides as C4HgJ. It was found that the
C4HoJcomplex at a ratio (1:1) at a concentration of 25 mg/l exhibits a 58.4% biocid, at a
concentration of 50 mg/l 94% and at a concentration of 100 mg/l 99% bactericidal effect. A
C4HoJ complex at ratio (1:2) and a concentration of 25 mg/l shows 61% biocid, at a
concentration of 50 mg/l 95% and at a concentration of 100 mg/lI 100% bactericidal effect.
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ALLILNORBORNILKARBOKSILATIN SINTEZI REAKSIYASININ TODQIQi
Ibrahimova M.C., Qadirli V.S., Mahmudova E.Q., Rasulova R.A., ismayllova C.H.
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Keywords: cyclopentadiene, allylacrylate, acrylic acid, bicyclic monomer,
allylnorbornylcarboxylate.

Miasir dovrda neft-kimya elminin inkisafi ilo olagoedar olaraq yiiksok keyfiyyatli, yeni
polifunksional torkibli alitsiklik siras1 monomerlorin sintezi sahasinds intensiv todqiqat islori
aparilir. Todqiqatlarin istigamatlorindon biri do torkibinds funksional qrup saxlayan tsiklo-,
politsikoalkil akrilat miirokkob efirlorinin alinmas1 sahasidir [1-3].

Hazirki isdo tsiklopentadienin allilakrilatla (AA) Dils Alder reaksiyasi, [4+2]
tsiklobirlosma reaksiyasinin tadgiqi, allilnorbornilkarboksilat (ANK) monomerinin sintezi oks

olunmusdur:
7

6
11 10 9 8
@b + CH,=CH-COO-CH,-CH=CH, —— CH2=CH-CH200C\£E®

ANK-nin sintezinin optimal sgoraitinin tapilmasi tli¢lin miixtolif faktorlarn tosiri
dyronilmis, miioyyan olunmusdur ki, 185°C temperaturda, TTDD:AA mol nisbati miivafiq
olaraq 1:3, 3 saat reaksiya miiddatinds mogsadli mohsulun ¢iximi 80% taskil edir.

Sintez etdiyimiz allilbitsiklo[2.2.1]hept-5-en-2-ilkarboksilatin qurulusunu tosdiglomoak
ticlin bu birlosmoalarin sintezi qarsilql sintez reaksiyasi vasitasi ilo do hoyata kegirilmisdir.
Qarsiligh sintez iki morholods aparilmisdir. Ilkin morholods tsiklopentadienin akril tursusu ilo
tsiklobirlogsma reaksiyasindan 98% ¢iximla norbornenkarbon tursusu sintez olunmus, névbati
morhalada isa homin birlogsmonin allil spirti ilo efirlosmo reaksiyasindan ANK alinmigdir.

0~ HOOC
@ + CHZZCH—COOH_>t’ ® !Ab-'- CHZZCH-CH20H=>kat CHZZCH-CHZOOC~A§

H -Hzo

Alinan birlosmaya bir godor KMnO4 mohlulu tokdiikdo mohlulun rangi doayisorok aciq
rong almisdir ki, bu da maddonin torkibinds vinil grupunun mévcudlugunu siibut edir.
Sintez olunan monomerin C;;H40, fiziki-kimyovi xassolori asagida gdstorilmis,

gay.temp 102-106°C/10-12 mm c.siit., d.°1.1038, n2°1.4898, qurulusu iQ- vo NMR
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spektrroskopiya tisullar ilo tosdiq olunmusdur. Miioyyan edilmisdir ki, hor iki tisulla alinan
ANK-n fiziki-kimyavi gostaricilori vo qurulusu identikdir. Spektr niimunalori Almaniyanin
“Bruker” sirkoti torofindon istehsal olunan ALPHA iQ FURYE spektrometrindo 600-4000
cm™ dalga tezliyi diapazonunda ¢okilmisdir. 1Q spektrin 1727 cm™  udulma zolaginda
miirokkab efirin C=0 rabitosinin valent ,1167 cm™ —do C-O olagssinin valent doyisikliyi,
1636 cm™ —do norbornen halgasindoki ikiqat 1 C=C olagosinin valent doyisikliyi, 833 cm™ —
do C=C olagesinin deformasiya doyisikliyi, 929, 985 cm™ —do alfa voziyystdo olan C=C
alagesinin deformasiya, 3060 cm™ —do =CH qrupunun valent doyisikliyi , habelo, 1448 cm™ —
do CH, grupunun C-H slagesinin deformasiya, 2871, 2968 cm™ —do valent doyisikliyi
miisahido olunmusdur. Sintez olunan monomerin qurulusu ABS-in “Bruker” sirkatinin AV-
300 qurgusunda ¢okilmisdir.

NMR 'H, &, m.h.: 3.82 H', 2.86 H’, 2.33-2.61 H®, 2.67 H*, 6.39 H? 6.33 H® 1.83-
2.17 H', 3.65 H’, 5.21 H*, 4.56-5.18 H", NMR *3C, &, m.h.: 174.0 (C®), 43.77 (C°), 46.59
(C1), 29.10 (C®), 42.97 (CY), 49.30 (C"), 136.10 (C?), 135.10 (C3), 20.87 (C?), 118 (C*°),
132.72 (C™).
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THE RESEARCH OF THE SYNTHESIS OF
ALLYLNORBORNILCARBOXYLATE

Ibrahimova M.C., Kadirli V.S., Makhmudova E.Q., Rasulova R.A., Ismailova C.H.

Institute of Petrochemical Processes named by acad. Y.H.Mammadaliyev of ANAS,
Baku

Abstract: The reaction of cycloaddition of allyl acrylate to cyclopentadien have been
studied and as a result allylnorbornylcarboxylate with yield 80% have beensynthesized.
Condition of reaction and the physical-chemical properties of allylnorbornylcarboxylate were
defined.

NCCIEJOBAHUE CUHTE3A AJIVIMVIHOPBOPHUJIKAPBOKCHJIATA

Hopazumoea M. /1., Kaowvipnwvt B.C., Maxmyooea 3.I., Pacynoea P.A., Hcmaunoea
e I,

WNuctutyT HepTexumuyeckux npoueccoB uMm. akaa. FO.I'. Mamenanuesa HAHA, baky

KntoueBble  croBa:  IMKJIOMEHTAJAMEH, aJUIMJIAKpWiaT, akKpUioBas  KHUCIOTA,
OUITMKIINYECKUI MOHOMED, AJTUTHITHOPOOPHUITKApOOKCHIIAT.

Pestome:  M3yduena  peakuus — LMKIONPUCOEIMHEHHs  aJUIMJIaKpwiata K
UKJIONEHTANEHY, U B pe3yJbTaTe CHHTE3UPOBAH AJUTMIIHOPOOPHUIKAPOOKCHUIIAT C BBIXOJIOM
80%. OmpeneneHa yCIOBHS peakIMd MW HAWICHB (U3UKO-XMMHYECKHE CBOMCTBA
ALTUITHOPOOPHUIIKapOOKCHIIaTA.
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OLEFINLORIN OLIQOMERLOSMOSi UCUN YENI Al,03-B,03; OSASLI
KATALIZATORUN SINTEZi

Ibrahimov H.C., Ohmadova R.H., Mammadli F.S.,
Mehdiyeva N.O.

AMEA-nin Y.H.Mommoadoliyev adia Neft-Kimya Proseslori Institutu

Acar sozlar: Heterogen katalizator, zol-gel metod, metal oksidlari, termoqgravimetrik
analiz

Key words. Oligomerization, alkylation, ionic liquids, a modifier, polymer composite.

Oligomerlosmo prosesina son illor diggstin artmasi neftin emali zamani slds edilon
alken fraksiyalarmin zongin monboyindon qaynaqlanir. Bundan olavs, tobii gazdan maye
karbohidrogenlorin istehsali ti¢iin yeni texnologiyalr islonib hazirlanmaqdadir vo bu qazlarin
boyiik tonajli ehtiyatlarindan istifadonin an perspektivli yollarindan biri do Katalitik emal yolu
ilo bu birlosmalar asasinda yanacagqlar {iglin yiiksok oktanli komponentlorin sintezidir.

Alkenlorin oligomerlogsmasi prosesi hom homogen, hom do heterogen katalizatorlarin
istirak1 ilo hoyata kegirilo bilor. Bununla birlikds, heterogen proseslorin homogens nisbaton
bir sira istiinliiklori vardir, masalon, reaksiya mohsullarindan katalizatorun asan ayrilmasi,
katalizatorun yenidon sistemo gaytarilmasi vo proses zamani amalo golon ¢irkab sularin
olmamasi vo s. Bu baximdan todqiqatgilar alkenlorin oligomerlosmasinds ekoloji baximdan
daha sorfali olan heterogen proseslorinin inkisafina diqqoti artirmaqdadirlar.

Seolit osash katalizatorlar olefinlorin oligomerlogsmasinds genis istifado olunsa da,
onlarin asas ¢atismazligi oligomerlosma reaksiyasi zamani asason mikromosamalarin proses
zamani amoala galon yiiksok molekullu birlosmalorls 6rtiilmasi sababindan giiclii dezaktivasiya
olunmasidir. Bu sobobdon hal-hazirda bir ¢ox todqiqat islori maksimum aktivlik, secicilik
gostoron vo dayaniqliligi ilo farglonon yeni heterogen katalitik sistemlorin yaradilmasina
yonaldilmisgdir.

Toqdim olunan tezisdo olefinlorin oligomerlosmasi prosesi iigiin yeni, torkibinds bor
oksidi saxlayan Al,O3 katalizatorunun sintezindon bohs edilir. Bu sistemin segilmasinin
tstiinlilyti ondadir ki, onu asan almaq miimkiindiir, prosesdo stabil aktivlik gostormoklo
yanasi, yiikksok termiki davamliligi ilo do forglonir ki, bu da katalizatorun bir ne¢a dofo
sistemo qaytarilmaq]la istifado imkanlarini yiiksoltmis olur.

Metal oksidlorin alinmasinda perspektivli istigamotlordon biri zol-gel metodu
oldugundan, AI(NO3)3-9H,O monoetanolaminin istiraki ilo otaq temperaturunda hidrolizo
ugradilmagla avval Al(OH); zolu,sonra isa temperaturu 80-90°-ya yiiksaltmaklo onun geli
alinmigdir [1-3]. Alinmis gel bir nega dofo distillo suyu ilo yuyulub quruduldugdan sonra,
ortobor tursusu mohlulu ilo miixtolif nisbatlords garigdirilaraq termoemal edilmisdir.

Alman mohsul skanlagdirici kalorimetrik metodla tadqiq olunmusdur. H3BO3-Al(OH)3
sisteminin termogravimetrik analizinin naticalori temperaturun yiiksalmasi ilo komponentlarin
qarsiligh tosirdo olmasini miiayyanlogdirmisdir. TG/DTA naticalorine asason demoak olar ki,
nimunalords (120°C-do qurudulmus) fiziki adsorbsiya olunmus vo kristallasma suyun
ayrilmasi 150-200°C temperatur intervalinda endotermik piklarlo miisayiot olunur. DTG va
DTA oyrilorindoki  300-500°C  temperatur intervalindaki maksimumlar Al(OH)s-in
dehidratlasmasi noticasinds y-aliiminium oksidin alinmasi vo kristallagmasi ilo alagelondirilir
[4]. Niimunoalordoki bor oksidinin migdarinin 20%-dok artirilmasi termoqramdaki galonun
geniglonmasi vo intensivliyinin azalmasi ilo miisayist olunur. Niimunalorin DTA ayrilorinds
olavs olaraq 700-850°C temperatur intervalinda ekzo-effektin mévcudlugu vo TG-ayrisindo
kiitlada itkisi 2Al,03-B,03 torkibli kristallik strukturun formalagmasini gostarir.

Miiayyanlosdirilmisdir ki, nano vy-aliiminium oksidin bor oksidi ilo miixtalif
miqdarlarda (1-20% kiit.) modifikasiya olunmasi inkisaf etmis satho malik nanomateriallar
olda etmays imkan Verir (Syis.ssth=190-280 M?/q, Vinesams=0.43-0.60 cm®/q).
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OLEFINLORIN OLIQOMERLOSMOSI UCUN YENI Al,03-B,03 OSASLI
KATALIiZATORUN SINTEZi

Ibrahimov H.C., Ohmadova R.H., Mammadli F.S., Mehdiyeva N.A.
Xiilasa

Olefinlorin oligomerlogmasi prosesi {igiin zol-gel metodundan istifado olunmagla yeni,
torkibindo bor oksidi saxlayan Al,O3; katalizatoru sintezi edilmisdir. Termiqravimetrik
metodla H3BOs-Al(OH); sisteminin analizi hoyata kegirilmis, DTA oyrisindo 700-850°C
temperatur intervalinda ekzo-effektin mévcudlugu vo onun TG-ayrisinds kiitlo itkisi ilo
miisayat olunmasi 2Al1,03-B,03 torkibli kristallik strukturun formalasmasini siibut edir.
Miioyyanloasdirilmisdir ki, nano y-aliiminium oksidin bor oksidi ilo miixtalif migdarlarda (1-
20% kiit.) modifikasiya olunmasi inkisaf etmis sotho malik nanomateriallar sldo etmoyo
imkan Verir (Sqis.ssth=190-280 M?/q, Vinesams=0.43-0.60 cm®/q).

CHUHTE3 HOBOT'O KATAJIMU3ATOPA HA OCHOBE Al,O3-B,03; IJIsA
OJIMI'OMEPU3 AU OJTE®UHOB

Hopazumos X./l., Axmeooea P.I., Mammaoau @.C., Mexoueea N.A.
Pezrome

30/1b-T€Ib METOJIOM Ul OJUTOMEpHU3alMM OJe(UHOB ObUI CHHTE3WPOBAH HOBBIN
karaimm3atop Al,Os, comepxamuii B cBoeM coctaBe okcua Oopa. [IpoBeneH aHau3 CUCTEMBI
H3BO3-Al(OH); TepmorpaBumerpuyeckum MetooM. Hanmnuue sx303¢dekra Ha kpusbix JJTA
B uHTepBaie Ttemmeparyp 700-850°C, compoBoxparomieecss mnotepu Macc B TT-
KPUBOUIIOATBEPKTATPOPMHUPOBAHNE KPUCTAJUIMYECKON CTPYKTYpBI 2A1,03-B;0s.
YcraHoBieHo, 4TO Moau(UKalKsg HAHO-Y-OKCHAA aIFOMMHMSI OKCHJIOM OOpa B pa3iM4YHBIX
komuuectBax  (1-20  wmacc.%) mo3BodsIeT MOJyYaTh HAHOMATEpHAl bl C  Pa3BUTOM
HOBEPXHOCTHIO (S, =190-280 MZ/F, Vi0p=0,43-0,60 CM3/F).

SYNTHESIS OF A NEW Al,03-B,0O3;BASED CATALYST FOR OLIGOMERIZATION
OF OLEFINS
Ibrahimov H.C., Ahmadova R.H., Mammadli F.S., Mehdiyeva N.A.
Summary

A new boric oxide-containing Al,O3 catalyst was synthesized using the zol-gel method
for the oligomerization of olefins. The analysis of H3BOs-AlI(OH); system by
thermogravimetric method shows that, the presence of exo-effect in the temperature range of
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700-850°C on the DTA curve accompanying with weight loss in the TG-curve proves the
formation of a crystalline structure containing 2Al,03-B,03. It was found that the
modification of nano y-aluminum oxide with boric oxide in different amounts (1-20% wt.)
allows to obtain nanomaterials with a developed surface (Sspecific surface =190-280 m?/g,
Vpore=0.43-0.60 cm*/g).

OLIGOMERIZATION AND ALKYLATION IN THE PRESENCE
IONIC LIQUID CATALYST SISTEMS

Seidova Kh.H., Babashova Y.M.,
Aliyeva R.V., Bagirova Sh.R.

The Institute of Petrochemical Processes named after acad. Y.H. Mammedaliyev
of Azerbaijan National Academy of Sciences, Baku

Xiilasa. Toqdim olunan tezis yeni ion-maye katalitik sistemlorin (IMKS) istirakinda o-
olefinlorin oliqgomerlosmosi, aromatik karbohidrogenlor vo aromatik karbohidrogenlorls
zongin  olan  neft fraksiyalarinin  olefinlorlo  (heksen-1,  okten-1,  desen-1)
(oligo)alkillogdirilmasi, alinan mahsullarin xiisusiyyatlorinin 6yranilmasina hasr edilmisdir.

Pe3ztome. TlpencTaBieHHbI TE3UC MOCBSIIEH pa3padOTKE MPOIECCOB OJIMTOMEPHU3ALIUN
a-oiepuHOB U (OJIUIO)ANKIJIMPOBAHUIO apPOMATHYECKHX YIJIEBOIOPOAOB M HE(PTIHBIX
dpakuii, OoraTelXx apoMaTHYECKHMH YTJIeBoJopoaaMuc oneduHamu (TekceH-1, oxTeH-1,
nereH-1), B MpUCyTCTBUM HOBBIX MOHHO-KUAKOCTHBIX KaTanutudeckux cuctem (MKKC) u
HN3YUCHUTIO CBOMICTB IMOJIYYCHHBIX ITPOAYKTOB.

Absrtact. The thesis is dedicated to the development of processes of oligomerization of
a-olefins and (oligo)alkylation of aromatic hydrocarbons and petroleum fractions rich in
aromatic hydrocarbons, with a-olefins (hexene-1, octene-1, decene-1) in the presence of
ionic-liquid catalytic systems (ILCS) and the study of the properties of the products obtained.

Recent days ionic liquids (IL) which were added in the principles of “Green Chemistry”
have been increasingly employed because of their preferences in the oligomerization and
alkylation processes. It is known that the main goal of the research is to create new catalytic
systems that allow to regulate the direction of the reaction to obtain (oligo)alkylate products
with the required structure. Our main goal is to use various modifiers as reaction regulators in
a familiar chloraluminate-type ionic liquid catalytic system, too.

The oligomerization and alkylation processes carried out in the presence of
AICI3:DEAHCI  (ILCS-1), AICI3:TEAHCI(ILCS-2), AICI3:PHCI(ILCS-3) ionic liquids
catalytic systems and was used ROTICl; (nano)metal-polymer composite (NMPC) in the
catalytic system as a modifier. As well, zinc chloride (ZnCl;) was used in the catalytic system
as a component and the results were compared. The products obtained were analyzed by
NMR-, IR-, UV- spectroscopy, mass — chromatography, molecular weight distribution
(MWD), DSC, DTA, fluorescent indicator adsorption (FIA) methods.

It was shown that, the fractional composition of obtained products, physical -
chemical and viscosity - temperature properties of them have been changed in wide range
depending on nature of olefins, components of ILCS, their molar ratios and also of the
reaction conditions. The obtained oligomers have a narrow molecular weight distribution,
high thermo - and thermal oxidation stability, high viscosity index, low freezing and high
flashing temperatures. The use of NMPC taken as a modifier in the alkylation process
improves the dispersibility of ILCS according to our investigations. This shows a great impact
on two-phased catalytic systems. Moreover, the selectivity of the target product increases and
it is possible to regulate molecular parameters. So, the addition of NMPC and ZnCl; orient the
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process in a more alkylating direction. In this case, the composition of the reaction product
changes and becomes more homogeneous. No paraffin was found in the products.

BUTOKSILLOSDIRILMIS HIBRIDLOSMIS FENOLFORMALDEHID
OLIQOMERLORININ SINTEZI VO TODQIQI

Idliyeva A.P., Omiraslanova M.N., Ibrahimova M.C., Ahmadbayova S.F., Riistamov R.O.
AMEA akademik Y.H.Mommodoliyev adina Neft-Kimya Proseslori Institutu, Baki sohori

Acar sozlar: fenolformaldehid oligomeri, polikondenslosma, modifikasiya, benzilamin,
efirlosmo, n-butanol

KaroueBbie cjoBa:  ¢eHONDOpPMATBACTUAHBIA  OJUTOMEp,  ITOJHKOHJICHCAITHS,
Moaudukanys, OeH3uIaMuH, dTepudukanms, H-OyTaHOI

Keywords:  phenolformaldehyde  oligomer,  policondensation,  modification,
benzylamine, etherification, n-butanol

Fenolformaldehid oligomerlarinin (FFO) makromolekullarinda reaksiyaqabiliyyatli
funksional qruplarin movcudlugu istismar zamani1 barkima proseslorinin idars olunmasinda
mithiim shamiyyat kosb edir. Bu siradan olan birlogsmalorin ortiik, yapisqan, olagslondirici
kompozisiya torkiblari kimi ugurlu tatbiqi onlarin sintezi va todqiqi istiqgameatinds elmi islorin
aparilmasinin aktualligint miioyyanlosdirir. Sads sintez texnologiyasi ilo ekoloji cahstdon az
tohlilko doguran, yiiksok istismar gostaricilorino malik yeni torkib vo quruluslu FFO-larin
alinmasi1 imkanlarmin genis olmasi da onlarin funksional reaksiyalarinin, basqa s6zla, tokrar
polikondenslogsmo, modifikasiya, polimer-analoji g¢evrilmolor, efirlosma vo s. proseslorin
miimkiinlityi ilo olagodardir.

FFO-larin modifikasiyasinda istifado olunan ¢oxsayli reagentlor sirasinda azot saxlayan
lizvi birlogsmolorin xiisusi rolu vardir. Oton illorin tadqigatlarnda 6ziinii dogrultmus, ikisindon
biri benzoguanaminlo modifikasiya olunan FFO-larin halledicido hibridloasma mohsulu va
sonuncunun butoksillosmasindon alinan oliqgomerlor ED-20 markali epoksid qatrani ilo ortiik
kompozisiya torkiblori kimi yiiksok naticolor gostormisdir [1,2]. Azotlu fragmentlorin
makromolekullara daxil edilmasi onlarin polyarligini artirmaqla yanasi, barkimo proseslarinds
do miithiim rol oynayir vo metal sothino adgeziya gostoricilorino miisbot tosir gostarir.

Qeyd olunanlar1 nozors alaraq ikisindan biri benzilaminlo modifikasiya olunmus rezol
va novolak tipli FFO-larin halledicids - dioksanda tokrar polikondenslogsmasi prosesi hoyata
kegirilmis, daha sonra alinan mohsul n-butanolla efirlogdirilmisdir. Rezol vo novolaklarda
fenolun formaldehids mol nisboti miivafiq olaraq 1:1,2 vo 1:0,85 tosgkil etmis, modifikasiya
olunmus ilkin oligomerlords benzilaminin 1 mol fenola géra migdar1 0,1-0,4 mol intervalinda
doyismisdir. Ilkin marhaloda alinan rezol va novolak tipli oliqgomerlarin halledicido-dioksanda
tokrar polikondenslosmasi onlarin miivafiq olaraq 1:2 vo 2:1 kiitlo nisbatinds hoayata
kegirilmisdir. Uciincii morhslodo sonuncunun turs miihitdo n-butil spirti ilo efirlosdirilmosi
naticasindo qirmizi-qonur rongli, soffaf, parlaq, 6zlii-axici mohsul alinmisdir. Hibridlogmo
morhalasinds reaksiya miihitinds qalmig holledicinin artiq miqdari efirlosmo zamani ayrilan
qarisigin  torkibinds konar edilmisdir. Son mohsul efirlogdirilmis hibrid oligomerin
n-butanolda mohluludur. n-Butanolun artiq miqdarinin istismar zamani qovulmasina ehtiyac
yoxdur, bels ki, onun boya-lak materiallariin halledicisi kimi istifado olundugu malumdur.
Bu, ortiikomaloagatirici kompozisiya mohlullarinin alinmast zamani holledici sorfini azaldir.
Alian mohsullarin qurulusunu va fiziki-kimyavi xassolorini todgiq etmok mogsadilo spirtin
artigt vakuumda qovulmus, miivafiq analizlor aparilmigdir. Butoksi-qruplarin oliqomer
makromolekullarina daxil edilmasi geyri-polyar halledicilordo (mss., solventds) hallolmani
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yaxsilagdirir, mohsulun parlaglhigmi artirir vo kompozisiya torkiblorinds fiziki-mexaniki
xassalorin — adgeziya elastiklik, barklik — yiiksok gostaricilorini tomin edir [3].

Sintez proseslorinin material balansi tortib edilmisdir.

Proseslorin ayri-ayr1 morhololorinds alinan oligomerlarin qurulusu iQ-spektroskopiya
tisulu ilo miiqayisali aragdirilmigdir. Analizlor “BRUKER”(Almaniya) istehsali olan ALPHA
Q-Furye mikroskopunda 600-4000 cm™ dalga tezliyinde aparilmusdir. Spektrlorin tohlili ilkin
oligomer makromolekullarinin metilol, amin qruplari, elaca do novolakda fenol hidroksilina
nozaran orto-, rezolda iso orto- vo para- vaziyystdo olan miitoharrik hidrogen atomlarinin
qarsiliglh tasiri naticasinds ehtimal olunan strukturun formalasdigini gostorir. Hibrid oliqgomer
zonciri bir-birilo ndvbalogsmis novolak va rezol makromolekullarindan ibarat ham Xatti, ham
do saxali quruluslu oligomer strukturudur. Son mohsulun spektrinds ehtimal olunan grup va
rabitolorin — N-H rabitalorinin 1511 cm™-do deformasiya, 3299 vo 3344 cm™-do valent
rogslorine, 1120 cm™-do C-O-C rabitssinin valent ragslorine uygun udulma zolaqlarinin
miisahido olunmasi modifikasiya vo butoksillosma proseslorinin bas verdiyini tosdiglayir.

Sintez olunmus efirlogdirilmis hibrid oliqgomerlor epoksi-fenol kompozisiya torkiblori
kimi tovsiya olunur. Bu mohsullarla ED-20 epoksid qatran1 osasinda alinan Ortiik
kompozisiyalarmin fiziki-mexaniki xassolorinin Syranilmasi istigamatinds todgiqat islori
aparilaraq ilkin gonastboxs naticalor alinmisdir.
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BUTOKSILLOSDIRILMIS HIBRIDLOSMIiS FENOLFORMALDEHID
OLIQOMERLORININ SINTEZi VO TODQIQi

Oliyeva A.P., Omiraslanova M.N., Ibrahimova M.C., ®hmadbayova S.F., Riistamov R. O.
Xiilasa

Ikisindon biri 1 mol fenola goroa 0.1-0.4 mol benzilaminlo modifikasiya olunmus rezol
va novolak tipli fenolformaldehid oligomerlarinin 1:2 vo 2:1 kiitlo nisbatinds halledicids -
dioksanda tokrar polikondenslosma mohsulu n-butanolla efirlogdirilmisdir. Ayri-ayri
morhalolords  alinan mohsullarin  qurulusu  1Q-spektroskopiya iisulu ilo miigayisali
aragdirilmig, proseslorin qanunauygunluglart miioyyon edilmisdir. Sintez olunmus
efirlogdirilmis hibrid oliqgomerlarin ED-20 markali epoksid qatrani ilo ortiik kompozisiya
torkiblari kimi ilkin gonastboxs naticalorin alinmasi geyd edilmisdir.

CHUHTE3 U UCCJIEJOBAHHME BYTOKCUJIMNPOBAHHBIX 'MBPUIHBIX
OEHOJI®POPMAJIBAEI'NIHBIX OJIMT'OMEPOB

Anuesa A.Il., Amupacnanoea M.H., Hopazumosa M./[c., Axmedodekosa C.D.,
Pycmamos P.A.
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[TpoBenena stepudukanyss H-OYTaHOJIOM MTPOAYKTOB TOBTOPHOW ITOJTHKOHICHCAINH
benondopMaIbAETUAHBIX OJIMTOMEPOB PE30JIBLHOTO U HOBOJIAYHOT'O TUIOB MPH UX MAacCOBOM
cootHomieHun 1:2 u 2:1 B pacTBOpUTENe — IUOKCAaHE, MPU ITOM OJUH M3 HMCXOAHBIX
osmmromepoB Mmoaupummposan 0.1-0.4 monsimu 6eH3unamMuHa B pacuére Ha 1 mMoib (eHoa.
W3yuena mnpeamnosiaraeMasi CTPYKTypa IOJYYEHHBIX B pPa3JIMYHBIX CTAIUAX TPOAYKTOB
NK-criekTpoCKOIMYECKUM METOJIOM, BBISIBIIEHBI 3aKOHOMEPHOCTH IporeccoB. OTmeueHo
MOJIyYeHUE YJOBJIETBOPUTEIBHBIX PE3YJIbTATOB B KAuyeCTBE MOKPHITUNA KOMIIO3MIIMM Ha
OCHOBE 3TepU(ULIUPOBAHHBIX THOPUAHBIX OJIMTOMEPOB € AMOKCHIHOM cMouoit mapku D/1-20.

SYNTHESIS AND STUDY OF BUTOXYLATED HYBRID
PHENOLFORMALDEHYDE OLIGOMERS

Aliyeva A.P., Amiraslanova M.N., Ibrahimova M.J., Akhmedbekova S.F., Rustamov
R. A,

Summary

Esterification with n-butanol of re-polycondensation products of resole and novolac
types phenol-formaldehyde oligomers at their mass ratio 1:2 and 2:1 in dioxane solvent was
carried out, with one of the original oligomers modified with 0.1-0.4 moles of benzylamine
per 1 mole of phenol. The proposed structure of the products obtained at various stages was
studied by IR-spectroscopy and the regularities of the processes were revealed. It was noted
that satisfactory results were obtained as coatings for compositions based on esterified hybrid
oligomers with ED-20 epoxy resin.

ALKELGERMANIUM HALOGENLORLO B9ZI IKILI AMINLORIN
REAKSIYALARININ T9DQIQI.

Cafarov E.F., Hasanova R.B., Alverdiyeva F.A.
Ganca Doviat Universiteti

Bu mogals alkelgermanium halogenlorls bazi ikili aminlorin reaksiyasi
tadqiqat isina hasr olunub.

Agar sozlor: morfolin, iizvi birlasmalar, benzol, imidlar

Keywords. morfolins, organic compound, benzols, imides

Tetrahidroftalimidin vo morfolinin benzol miihitindo ekvivalent miqdarda katalizator
trietilaminin istiraki ilo reaksiya germanium téromoali amin vo piridin hidroxlorid duzu
alinmagla naticalonir.

Molum olmusdur ki, trietilgermaniyxloridin morfolinlo kataliz olunan miqdarda
trietilaminin  holledicinin olmamasi sorti ilo miivafiq germanium téromali aminlorin
kompleks duzu amolo galir:

Morfolinin benzol miihitindo deetilgermaniumxloridlo trietilaminin istiraki ilo
reaksiyasi belo sxem ilo gedir:

+(C2H5)3N
R-NH+(C2H5 )3GEC| _— R-NGG(CgHs )3+(CZH5 )3NHC|
ANV
H,C CH, HC CH _CO\
Burada R= 1 | @ | ” s N=(IV)
H,C CH, HC CH—CO
AN \CHy
CHj
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Molum olmusdur ki, trietilgermaniyxloridin morfolinls kataliz olunan migdarda
trietilaminin holledicinin olmamasi sarti ilo miivafiq germanium téramali aminlarin
kompleks duzu amalo galir:

CH, - CH, S—cry Hol
Co,H
o\/ \/NH+C|Ge(czH5)3ﬂ>o \l _Ce(CoHs)s
CH, - CH \CH, - CH§’

Morfolinin benzol miihitinds deetilgermaniumxloridls trietilaminin istiraki ilo
reaksivyasi belo sxem ilo gedir:

-~
C2H5!36€C| /CH2 — CHZ\
,CH, - CH N Ge(C,Hs)i(11)
ONH CH, Z}IHZ 2 S\ ’
\CHz - CH CszGeC|3 //CHz— CHZ\
O\ N | GeC,Hs
_ CH; —CH, J;3
vy ot ot rUgA AU A g Ag DA AT BRSSO s s tezllkll titromonin

olmas1 545 592 sm™ Ge-C bir elaqgnln oldugunu gostorir, 974-980 sm™ olduqda Ge-N
zolaqh slageni gostorir. 1240 - 1259 sm™ - zolaglar1 valent titromalori ilo C-C-C= olagoni
gostorir.

Homginin 1660 sm™ oldugda zolaq miisahide olunur, bu da C=N valent titromosino
aiddir. 370-390 sm™ valent titromosinin tezliyi Ge-Cl olagosino xarakterikdir.

Tetrahidroftalimidtrietilgermaniumun (I'V) alinmasi.

7,5 gr tetrehidriftalimid vo 5,2 trietilamin qarisiglarina 100 qr krioskopik benzol
qarigdirmaqla, damci1 — damc1 9,5 qr trietilgermaniumxlorid slave edilir. Burada temperatur
30-35°C - o godor qaldirilir. Qizdirmani qurtardiqdan sonra qarisigi 40-45°C temperaturda 2
saat miiddstinds qarigdiraraq reaksiyani aparmali.

Efir ilo adi emal olunandan sonra 11,7 qr mohsul alinir, or.temp. 69-71°C.

Analoji metodla alavas iki birlosmo (I, V) alinib, xiisusiyyatlori asagidaki codvaldos verilib:

s\s | Birlasma or.temp.,°C | Cixim,%
1 Morfolintrietilgermaniy 130-141 78
2 Bis-morfolindietilgermaniy 118-120 74
3 Tris-morfolinetilgermaniy 30-82 68
4 Tetrahidroftalimidtrietilgermaniy 69-71 76
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‘ 5 | Or-metiltetrahidroftalimidtrietilgermaniy | 56-58 ‘ 72 ‘

Bis-morfolinetilgermaniumun (11) alinmasi.

13,5 gr morfolin  vo 5,2 trietilamin qarisiglarina 100 qr krioskopik benzol
qarisdirmagla, damci1 —damci 10 qr dietilgermaniydixlorid slava edilir. Burada temperatur
40°C - o godor qaldirtlir. Qizdirmam qurtardiqdan sonra qarisigr 40-45°C  temperaturda 3
saat miiddatinds garisdiraraq reaksiyani aparmali.

Efir ilo adi emal olunandan sonra 10qr mshsulun ¢iximi alinir, or.temp. 118-120°C

Tris-morfolinetilgermaniy (III) alinmasi.

13,5 gr morfolin  vo 5,2 trietilamin qarisiglarina 100 qr krioskopik benzol
qarigdirmagla, dame1 —dame1 13 qr trixloridgermaniy slavo edilir. Burada temperatur 35°C - o
godor qaldirilir. Qizdirmani qurtardigdan sonra qarisigi 40-45°C temperaturda 4 saat
miiddatinda qarigdiraraq reaksiyani aparmali.

Emal olunandan sonra 7,5 qr mohsulun ¢iximu alimir, or.temp. 80-82°C.

NOTICO:

Molum olmusdur ki, trietilgermaniyxloridin morfolinlo kataliz olunan miqgdarda
trietilaminin  holledicinin olmamasi sorti ilo miivafiq germanium téramali aminlarin
kompleks duzu smalo galir.

Benzol miihitinds asasan trietilaminin xlorlu duzu amals golir.
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STUDY OF REACTIONS OF ALKELGERMANIUM HALOGENS AND
SOME DOUBLE AMINES.

Jafarov E.F, Hasanova R.B, Alverdiyeva F.A.
Ganja State University
SUMMARY

This article describes the reaction of some binary amines with alkelgermanium halogens
devoted to research work.

The reaction in the presence of an equivalent amount of the catalyst triethylamine in
the benzene medium of tetrahydroftalimidine and morpholine results in the production of the
germanium-derived amine and the pyridine hydrochloride salt.

It was found that in the absence of triethylamine solvent in the amount catalyzed by
triethylgermanium chloride with morpholine, a complex salt of the corresponding
germanium-derived amines.
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Cr (I) METALININ OKSi BENZOY TURSUSU VO UZVIi LIQAND OLAN
PIRAZINLO OMOLO GOTIRDiYi KOORDINASION BIRLOSMOLORININ
SINTEZI

Rzayeva M.F., Tazaxanov E.O.

Agar sozlar: koordinasion birlosmolor, pirazin, molekulyar vo kristal qurulus,
oksibenoy tursusu, Infra Qirmiz1 Spektr, rentgenqurulus analiz.

Keywords:coordination combination,pyrazin, molekular and kristal structure,
oksibenzoic acid Infra red spektr, x-ray analizis.

GIRIS

Oksibenzoy tursular1 benzoy tursusunun téromalari olub, benzol halgssinds -OH
ovazlayicisi  vasitesilo alinir vo ii¢ izomeri vardir: -0rto- oksibenzoy tursusu vo ya salisil
tursusu, meta- oksibenzoy tursusu, para-oksibenzoy tursusu.
Para-oksibenzoy tursusu (4-OH-CgHsCOOH) on ¢ox istifado olunan oksi tursu olub
(M=138,13k.v; d=1.468q/sm>; arimo temperturu=215°C) suda pis (20,9°C-do 100q.
suda 0,492q.) spirtdo vo asetonda yaxsi (100sm® asetonda, 23°C-do 22,7q.) hall
olur. Elektrolitik dissosasiya omsali 17°C-do 2,88:107°; 25°C-d02,86-107°-5
borabordir. Para-oksibenzoy tursusu biitiin ali bitkilarin meyvosindo vo kok
sistemindos sintez olunur [5]. O, parakumar tursusunun metabolizmi zamani1 amoalo
goalir. Bioloji foaal birlosmo olub, K vitamin aktivliyino malik olan birlogsmalorin [3],
bitkilordo metil-arbutinin sintezindo  Kkatalitik tosir gdstorir. Para-oksibenzoy
tursusunun bioloji foallig1 genis Oyronilmisdir: o,bas beyindoa sterinlarin amalo
goelmoasinin qarsisint alir [4], qaraciyardo toplanaraq 6d tursularinin dévraninda
istirak edir, homg¢inin bitkilarin inkisafina vo mohsuldarligina miisbot tosir gostorir .

Pirazin addukt amala gotiron {izvi ligand kimi koordinasion birlogsmalards ¢ixis edir.
Torkibindo donor azot atomu olan lizvi holledicilor metallarla donor — akseptor
mexanizmi ilo giicli koordinativ rabito yaradaragq, kompleks birlogsmoalarin
qurulusuna daxil olur vo addukt adlanan birlogsmoalor omala gotirirlor. Piridin
qosulmus kompleks birlogsmalor xeyli ¢oxdur vo onlarin tadqiqat: uzun zamandan
bori aparilir.
Torkibinds iki donor azot atomu olan pirazin molekulu asanliqla metallarla rabito

yaratmaq qabiliyyatino malik oldugundan, son zamanlar onun adduktlari sintez
olunaraq, quruluslar1 rentgenoqrafik tohlil edilmisdir.

Eksperemental hisso

Torofimizdon Cr(II) benzoatin pirazin adduktunu — (CgHsCOO),Cr ¢ C4H4N, —
sintez edilorok molekulyar vo kristal qurulusu Oyronilmisdir [2]. Monoklinik
kristalin (})arametrleri asagidaki kimidir: a=6,217(2); b=9,298(3); ¢=16,306(2)A;
0=95,96(2)"; M=716,178k.v; Z=2; V=1432,556A%; Foza qrupu P2y; d=1,612q/sm*; R=0,0327

Cr(II) tereftal kompleksinin pirazin adduktunu sintez edorok kristal vo molekulyar
qurulusu 6yronilmisdir[8]. Monoklinik kristalin parametrlori asagidak: kimidir:
a=11,485(1); b=7,161(3); c=20,585(1)A; B=96,19(1)": M=420,771Kk.v.;
d=1,655q/sm>; V=841,541A%; Z=2; Foza qrupu P;-; R=0,0385.

Catena —tetraakis (p, —asetato 0,0%) —(p, —pyrazine N, N') Chromium
kompleks birlogsmosini sintez edorok onun molekulyar vo kristal qurulusunu
Oyronilmigdir. Monoklinik sinqoniyada kristallasan adduktun kristalloqrafik
parametrlori asagidaki kimidir:
a=7,979(2); b=14,350(4); c¢=7.376(2)A; p=101,78(2)% V=826,755A% M=413,378
k.v.; Z=2; d=1,688q/sm?; Foza qrupu Co/m; R=0,065.
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Sokil 1. Catena-tetraakis(asetato)-(pirazine) Cr(III) kompleks birlosmasinin

molekulyar qurulus sxemi.

Sokil 1-don goriindiiyli kimi asetat tursusunun karboksil qrupu iki xrom atomunu
bir-birino tikorok morkozi simmetriyaya malik dimer omoalo gotirir. Pirazin
molekulu iso iki donor azot atomlarinin koémoyilo dimerlori polimer qurulusa
catdirir. Cr — Cr(2,96A) olaqosini do nozoro alsaq iki valentli xrom ionunun
koordinasiya adadi alt1 olur.
catena —(1,2,4,5 tetrakarboksilato —pirazin —tetraaqua —di xrom(ll) komplek
adduktunu sintez edorak, monokristalini almis vo onun molekulyar vo kristal
qurulusunu Oyronilmisdir [4]. Triklinik sinqoniyada kristallasan yeni birlogsmonin
kristalloqrafik  parametrlori  asagidaki  kimidir: a=7,223(1); b=8,098(1);
c=9,343(1)A;  @=95,93(1);  B=102,38(1); y=116,17(1)%;  d=2,024qg/sm?;
V=466,745A3; Foza qrupu P-1; R=0,0396.

para-nitroftal tursusunun Cr(II) kompleks birlogsmosini alaraq su-pirazin
mohlulunda holl etmis vo pirazin adduktunu sintez edorok rentgenoqrafik {iisulla
kristal qurulusu acilmisdir. Osas ligand olan para-nitroftal tursusunun anionu
karboksil qrupunun bir oksigeni ilo xrom ionuna birlesir vo monodentat tipli rabito
yaradir. Pirazin molekulu donor azot atomlar1 vasitasile iki Cr(II) ionunu vo belosliklo
do monomer molekullart bir —birins birlogdirarak polimer zoncir yaradir.

Alinmis yeni komplekslor sistemli olaraq termiki analiz tsulu ils todqiq edilmisdir.

Sokil 2. Bis-(benzoato) — mono (pirazino) Cr(II) adduktunun derivatogrammasi.

Sokil 2-do verilmis termoqrammadan aydin olur ki, 128 °C - do pirazin molekulu
qurulusu tork edorak yanir vo giiclii ekzoeffektlo miisahida olunur.

158



Pirazin molekulu qurulusu tork etdikdon sonra davamli dimer qurulus yaranir.
280°C -do dimer pargalanaraq ayrilan iizvi hisso yanir. Termolizin son mohsulu
alinmis CrCO3 —iin pargalanmasindan (7800C) alinan metal oksididir.

Tereftal tursusunun xrom kompleksi alinaraq [3] onun pirazin adduktu sintez
olunmus vo kristal qurulusu 6yronilmisdir. Malum olmusdur ki, morkozi atom kobalt
para vaziyyeotlordo yerloson karboksil qruplari ilo bidentat rabito yaradir vo aksial
voziyyotdo koordinasiya olunan pirazin molekullar1 “Z” oxu boyunca molekullar1 bir-
birine tikir. Odur ki, iki 6l¢iilii polimer omolo golir. Qurulusdan aydin olur ki,
molekuladaxili boyiik bosluglar yaranir ki, belo metal komplekslori iizvi sintezds
katalizator kimi totbiq oluna bilor.

Xrom benzoatin yeni aminli holledicilorlo addukt birlogsmosini sintez edorok
molekulyar vo kristal qurulusu Oyronilmisdir. Holledici kimi istifado olunan 4-
dimetilamin piridin molekulu donor azot atomu vasitosilo monodentat rabito
yaradaraq polimer zonciri dagidir vo monomer qurulus omoalo gotirir.

5-carboxy ,2-nitrobenzoatin  Cr(II) kompleks birlogmosini alaraq pirazin- Ssu
garisiginda holl etmis vo yeni pirazin adduktunu sintez etmislor. Alinan
monokristallarin rentgenqurulus analizi aparilmis vo molekulyar qurulusu agilmisdir.
Molum olmusdur ki, digar pirazin adduktlar1 kimi pirazin molekulunun iki donor azot
atomu “X” oxu boyunca morkozi atomla koordinasiya yaradaraq polimer zoncir
omolo gatirir.
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SYNTHESIS OF COORDINATION COMPOUNDS OF Cr (1) METAL WITH OXY
BENZOIC ACID AND ORGANIC LIGAND

Rzayeva M.F. Associate Professor, Tazakhanov E.A.
Summary

Sinthezed and investicated bay infrared spectroscopi, X-ray analizes new complexc s
aminozoato of metal Cr.The process of thermolysis of the new Cr (IlI) coordination
compounds obtained was studied.The complex combination of Cr (1I) with the new pyrazine
gave good results.
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COXFUNKSIYALI ALKILFENOLYAT ASQARLARI

Qadirov O.9., Nagiyeva E.O., Kazimzads O.K., Cavadova H.O.,
Mammadyarova X.N., Mammadova R.O.

AMEA akademik .M. Quliyev adina Asqarlar Kimyasi Institutu, Baki s
e-mail: aki0S@mail.ru

Agar sozlar: bisalkilfenol, formaldehid, monoetanolamin, asqar, xassalor, yag

KiroueBbie cjioBa: OucankuiaeHOJ, MOHO3TAHOJIAMUH, (OpMalIbIETH/, MPHUCAMKA,
CBOMCTBaA, Maciio

Motor istehsali inkisaf etdikco detallarin korroziyasinin garsisinin alinmasi oasason
temperatur intervalinda miiharriklorin normal igo diismasi Vo islomasini tomin etmok vo s.
problemlor yaranir. Bu problemlor motor yaglarinin xassalorine - korroziyaya, oksidlosmaya
qarsi, termiki stabilliys, yuyuculug xassalarine yeni talablar qoyur.

Miiasir va perspektivli motor yaglarina qoyulan talablori yeni név keyfiyyatli, miixtalif
funksional xasssli asqarlarin hazirlanmasi ilo tomin etmok miimkiindiir.

Diinyada alkilfenolyat tipli asqarlara ¢ox iistiinliik verilir, ¢linki onlar motor yaglarinin
osas komponentlarindon biridir [1, 2].

Alkilfenolyat asqarlarinin torkibina miixtalif heteroatomlar va funksional gruplar slava
etmoklo onlarin xassalorinin yiiksalmasine nail olmaq miimkiindiir [3, 4].

Toqdim edilon isda bisalkilfenollarin formaldehid vo monoetanolaminin kondenslogsma
mohsullarinin kalsium duzlaridir.

Asqar iki miixtolif radikalli alkilfenollardan alinmigdir.

Reaksiyanin sxemi:

OH OH H
CH;
2 +CH,0— + CH,O * NH, - CH, - CH,OH ——

R R R
OH OH — Cca—

- CH; CH, - NH - CH, - CH,0H CH; CH, - NH CH,CH,OH

+ Ca(OH); 755~

R R

R-CsCi2 Cy2 R .

Alinmis agqar 6ziilii mayedir, galovi adadi 100-115mqKOH/q, sulfat kiilii 9-10.4%-dir.

Asqarlarin fiziki-kimyavi vo funksional xassolori M-8 yaginda standart tsullarla
Oyronilmisdir.

Asqarlarin korroziyaya, oksidlosmays qars1t davamligi uygun olaraq 'OCT 20502 vo
['OCT 11063-77, yuyuculuq xassalari iso TOCT 5726-2013 iizrs toyin edilmisdir.

Asqarlarin fiziki-kimyavi xassalori codvalds vereilmisdir.

Todqgiqatlar gostormisdir ki, Cg—Cj, alkil radikali ilo alinan asqar 1 Cj, radikali ila
alinan asqar 2-don korroziya va oksidlogsmays qarsi xassalorina gora bir godor geri qalir. Bu
asqar l-in alinmasinda istifado olunan alkilfenolun torkibindo yagda pis holl olan asagi
molekullu maddslarin olmast ils izah olunur.

Coadval
Asqarlann fiziki-kimyavi va funksional xassalari

Asqarlarm fiziki-Kimyavi xassalari M-8 yag1+5% asqarla

Korroziya- | Cokiintii am.gol-  [Yuyuculug

Asqarlar Qolovi Klne rpatlk Sulfat | liq (qurgu- | monin induksiya [xassasi
. ozliluk, e .. e .

adodi, 100°C-do kiilii, | sun l6vhe- | dovrii lizro stabil- | (II3B

mqgKOH/q mme /S’ % ciklordo), | lik (UIIO tizra iizra),

q/m? 30saat), ¢Okiintii, ball
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%

1 105 93.5 9.2 4.0 0.8 0.5
2 115 88.4 10.4 25 05 05
*IUATUM-
339 42 - 10.3 21.4 3.4 0.5
*IXI1-101 68.4 56.8 12.0 15.0 3.2 05

o *10% asqarla
Asqar 1 alkilfenol R— Cg—Cj,; asqar 2 dodesilfenol R—Cj, asasinda alinmigdir.
Asqarlar analoqu olan amtos IIMATHM-339 vo UXII-101 asqarlarindan funksional
xassoalarina gors tstiindiir.
Beloliklo, asqarlar ¢oxfunksiyali olaraq korroziyaya, oksidlosmaya qarst vo yuyuculug
xassalorina malikdir.
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COXFUNKSIYALI ALKILFENOLYAT ASQARLARI

Qadirov O.0. Nagyeva E.O., Kazimzada O.K., Cavadova H.O.,
Mammadyarova X.N., Mammadova R.O.
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XULASO

Masin istehsali inkisaf etdikco motor yaglarma tolobatlar artir. motor yaglarinin
xassalarinin yiiksoldilmadsinin asas yollarinda biri effektli asqarlarin istifadosidir.

Isds yeni alkilfenolyat asqarlarinin sintezi va todqiqi verilmisdir.

Bu bisalkiolfenol, formaldehid va monoetanolaminin kondenslosma mahsulunun
kalsium duzlaridir. Duzlar alkilfenol (R—Cg—C1,) Vo dodesilfenol (C12)asaslarindan alinmigdir.

Gostarilmisdir ki, alkilfenol (R—Cg—Cj7) asasinda alinan asqarin funksional xassalori 0
biri alkilfenol osasinda alinan asqarlardan bir godor geri qalir. Ancaq asqarlarin hamisi
funksional xassslorina gora analoqu olan amtes asqarlart IMATHUM-339 vo UXII-101-don
Ustlindiir.

MHOTI'O®YHKIHNOHAJIHASA AJIKWID®EHOJISITHAS IPUCAJIKA
T'aoupoe A.A., Hacuesa 3.A., A.K., /[>casaoosa A.A.,
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Huemumym Xumuu Ipucadox um. akao. A.M. Kynuesa HAH Aszepbatiodcana, 2. baky
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PEDEPAT

C pa3BHTHEM MOTOPOCTPOCHHS K MOTOPHBIM MacjaM TpPeOOBaHUS BO3PaCTAIOT.
[Tpumenenue 3PPEKTUBHBIX MPHUCATOK SBJISETCS OJHUM M3 METOJOB TOBBIIICHUS KadecTBa
MOTOPHBIX Macell.

B pabote mpeacTaBiieHbl CHHTE3 U UCCIIEOBAHUE HOBBIX AIKHII()EHOSATHBIX PUCATIOK.

DTO KaJbIMEBBIC COJIM MPOJYKTOB KOHJEHCAIMU OucainkuideHosa, GopMaibiaeruia u
MOHOATaHOJIaMHHA.

Coun nosydanu Ha ocHoBe ankuipenona (R— Cg—Cqp) u mopermndenona ( Co).

[TokazaHo, 4To TpucajKa, mosydeHHas Ha ocHoBe ankuidenona (R— Cg—Cip), yerymaer
10 ()YHKIIMOHAJILHBIM CBOMCTBAM MPUCAJIKE HAa OCHOBE J0ACIMI(EHOIA.

Ho »tu mpucagku mo (yHKIIMOHAIBLHBIM CBOHCTBAM IMPEBOCXOJMIN CBOW aHAJIOT —
toBapHbie npucaaku [ITMATHUM-339 u UXTII-101.

MULTIFUNCTIONAL ALKYLPHENOLATE ADDITIVES

Gadirov A.A., Nagiyeva E.A.,A.K., Djavadova A.A.,
Mammadyarova Kh.N., Mammadova R.A.

Institute of Chemistry of Additives after acad. A.M. Guliyev of Azerbaijan NAS, Baku
E-mail: aki05@mail.ru

REZUME

Demand for motor oils is growing with the development of machine production.

The use of effective additives is one of the main ways to improve the properties of motor oils.

The study shows the synthesis and study of new alkylphenolate additives. These are
calcium salts of the condensation product of bisalkylphenol, formaldehyde and
monoetanolamine. The salis are obtained from alkylphenol (R-Cg—C;2) and dodesylphenol
(C12) bases.

It was indicated that the functional properties of alkylphenol-based additives
(R—-Cg—Cyy) lag behind other alkylphenol-based additives. However, all additives are superior
to the commercial additives ITMATHM-339 and MXII-101, which is an analogue in terms of
functional properties.

MHOI'O®YHKIUOHAJIBHBIE ITPUCAJIKA K MOTOPHBIM MACJIAM
Benueea C.M., Caoupszaoe U.A.
Huemumym Xumuu Ipucadox um. akao. A.M.Kynuesa HAH Asepbaiioscana, 2. baxy

Acar sozlar: alkilfenollar, sulfonat agqarlari, goxfunksiyali xassalor, sulfometillosma,
ozliiliik-temperatur xassalori

Key words: alkyl phenols, sulfonate additives, multifunctional properties,
sulfomethylation, viscosity-temperature properties

KutoueBble cjioBa: ankuieHosbl, CylIb(OHATHBIE MPUCAIKH, MHOTO(QYHKIIMOHATIbHBIE
CBOﬁCTBa, Cy.IIB(I)OMCTI/IJ'II/IpOBaHI/Ie, BA3KOCTHO-TCMIICPATYPHBIC CBOMCTBA

[TomydyeHsl U Uccaea0BaHbl HOBBIE MHOTO()YHKIIMOHAJIbHBIE CYJIb(DOHATHBIE MPUCATKH
C VYJIYYHICHHBIMH 3KOJIOTHUYCCKUMH IIOKA3aTCIIMHU Ha OCHOBC CMCCH TCXHHYCCKOIO
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o300yt — u ankmi (Cio—Cig)denona. PaspaboranHble OCHOBHON U CPETHENIEIOYHOM
Cynb(OHATHl  KalbIMs  3HAYUTEIBHO  yAy4YIIAOT  MOIOIIUE,  JUCHEPTUPYIOIIHE,
IIPOTUBOKOPPO3UOHHBIC CBOMCTBA, CTAOMIBHOCTh ITPOTHUB OKHCICHUS CMa30YHBIX Macell U I10
THM I[OKa3aTeNsiM TPEBOCXOJAT 3apyOekHbIM aHamor — mnpucaaky Xaiitek 6060M. B
OTJIMYME OT M3BECTHOM NIPHCATKA CHHTEC3MPOBAHHBIC CYJIb(POHATHI 00JaJal0T TaKXKe
BSI3KOCTHO-TEMIIEPATyPHBIMU CBOMCTBAMH.

Xiilasa
MOTOR YAGLARINA COXFUNKSIYALI ASQARLAR
Valiyeva S.M., Sadirzada I.0.

Texniki poliizobutilfenolun alkil(C1o—Cjyg)fenolla qarisigindan istifado etmoklo ekoloji
tohliikkesiz yeni ¢oxfunksiyali sulfonat asqarlari sintez edilorok todqiq olunmusdur.
Yaradailmis asas1 vo orta golovili kalsium sulfonatlart siirtkii yaglarinin yuyucu, dispersedici,
korroziyaya vo oksidlosmoys qarsi xassalarini ohomiyyatli doracads yiiksaldir vo tasir
effektino goéro xarici analoq olan Xaytek 6060M asqarindan istiindiirlor. Malum asqardan
forqli olaraq alinmig sulfonatlar hamginin 6zliiliik—temperatur xassalorino malikdirlor.

Summary
MULTIFUNCTIONAL ADDITIVES FOR MOTOR OIL
Veliyeva S.M., Sadirzadeh I.A.

New multifunctional sulfonate type additives with improved environmental performance
based on a mixture of technical polyisobutyl - and alkyl (C1,—C1g) phenol have been obtained
and investigated. The developed basic and medium alkaline calcium sulfonates significantly
improve the detergent, dispersant, anticorrosive properties, stability against oxidation of
lubricating oils and, in terms of these indicators, surpass the foreign analogue, the HiTech
6060M additive. In contrast to the known additive, the synthesized sulfonates also have
viscosity-temperature properties.

B coBpeMeHHON BBICOKOKAYECTBEHHBIX MOTOPHBIX MacjaX HEOThEMIIEMOW COCTAaBHOM
YacThIO SIBJISIOTCS METAJUICOAEPIKALUE MOIOIIE-IUCIIEPTUPYIOLINE TPUCATKNA C Pa3INYHON
HIEJIOYHOCThIO, KOTOPBIE XapaKTEPU3YIOTCS IIMPOKUM CIEKTPOM M BBICOKUM YpPOBHEM
AKCIUTyaTallMOHHBIX cBOMCTB [1]. K omHuM n3 Haumbosiee pacnpoCTpaHEHHBIX B MHPOBOM
IpPAaKTUKE TMPUCAJAOK YKAa3aHHOTO THIA SBJSIIOTCS HE(TSIHbIE U CUHTETUYECKHE
ankunapuicyab(poHatel. OCHOBHBIMU ()YHKIIMOHAIBHBIMU CBOMCTBAMHU MPHUCAZOK 3TOTO THIA
ABJIIETCS UX MOMOIIe-AUceprupyomas 3PpQPeKTUBHOCT, U CIHOCOOHOCTh HEHUTPaIU30BaTh
IPOAYKTHI OKHCIIEHUS Maciia, oOpasyroliecs B mporecce padboTsl nurarens [2,3].

AKTyanbHON mpoOseMoil sBIseTCS pa3pabOTKa HOBOTO IMOKOJIEHUS 3KOJOTUYECKU
6e3omacHbIX 3(P(PEKTUBHBIX MOIOIE-AUCHEPIUPYIONINX TPHCATOK CYIb()OHATHOTO THIIA
MHOTO(YHKIIHOHATBHOTO AEHCTBHS.

Jnis pacmmpeHus acCOPTUMEHTa YKa3aHHBIX MPUCAJO0K HAMU OCYILECTBIIEH UX CHHTE3 C
UCIOIB30BaHUEM  TexHuueckoro  monuu3o0ytmidenona u  ankmi(Cio—Cig)denona.
[Tonnu3o0yTmiieHon  MPOM3BOAMUTCS — AJKWIMPOBaHHMEM  (eHOoNa  MOJIMM300YTHICHOM
MoJIeKysipHoit Maccel ~ 2000 B mpucyrcTBum KatanusatopaBFz. Ankwn(Cio—Cig)dbenon
NOJIyYeH alKHJIMpoBaHHEM (eHoja onuromepamu stwieHa ¢ppakuuun Cio—CigB MPUCYTCTBUU
neoguTcoaepkamero  karanuzaropa.Cyab()OMETHIMPOBAHUE  HMCXOJHBIX  NPOAYKTOB
IPOBEIEHO THUIPOKCUMETAHCYIb(OHATOM aMMOHHUS, KOTOPBIH MCKIIOYaeT o0Opa3oBaHue
KHUCIIOTO TyApoHa. Peakuuio cynb(OMETUIMPOBAHUS OCYUIECTBISJIM TPH  MOJIBHOM
COOTHOIIIEHUH aKUI(PEHOI: THAPOKCUMETAHCYIh(OHAT aMMOHUS, paBHBIM 1:1, Temneparype
B IIpejenax 70-80°C B Teuenue 10 u B pacTBOpE OKTaHa.
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OOpa3yronuecss  THAPOKCUATKIIOCH3WICYIb(OHATHI ~ aMMOHHUSI ~ CMEIIMBaId B
cooTHomeHuH 1:1 1 moaBepraiu 0OMEHHON PEaKIuy C THIPOKCHIOM KaJbIUs C MOJIydeHUET
ocHOBHOH conu. KapOoHaTanuei mocieaHel JMOKCUIOM yriepoja B MPUCYTCTBUU M30BITKA
TUAPOKCUIA KaJIbIHs, MPOMOTOpa YKCYCHOW KHUCIIOTBI CHHTE3MPOBAHA CpPEIHEINEI0YHAs
npucaaka tuna C-150.

Tabmuna 2.
XapaKTepUCTUKU CYJIb()OHATHBIX MPUCATIOK

CynbdoHaTHBIEC TPUCAIIKH C
Pa3IMYHON IEJI0YHOCTHIO
IToxazarenu X aiitox
OCKy CC-150¢4 6060M
[llemounoe uucio, mr KOH/r 53 149 142
MaccoBast 1oiist cynbhoHaTa Karbnus, % 48,2 31,2 30,1
3o1bpHOCTH cyibdaTHas, % 12,1 23,3 23,1
MaccoBas 10J11 MEXaHHYECKHUX IpuMeceit,%o 0,04 0,03 0,05
Moromue cBoiicTBa Ha yctanoBke [13B, 6armibl - 0,5 0 0,5
Jucneprupymoias crnocooHocTs mpu 250 °C, %" 66 70 60
Kopposusi Ha CBUHIIE, T/M> 42 20 85
CTaOunbHOCTH MO0 UHIYKIIUOHHOMY TIEPUOY 08 04 09
. 0 * ] L] L]
0caIkoo0pa3oBaHus:  0CaslokK, %
Komonguas crabuisHOCTE, % i 86 76

"Macmno M-11 ¢ 3% npucaaku

PaspabGorannbie ocHoBHoii (OCK.y) m cpennemenoynoii (CC-150.4) cynbdoHnaTs
KaJIbLMS  TIPEACTABJISIIOT  COOOM  BSI3KME  KUJKOCTH  TEMHO-KOPUYHEBOTO  IIBETA,
XapaKTepUCTUKU KOTOPBIX TMpeacTaBieHbl B Tabn.l. Tam ke Ans cpaBHEHHS TOKa3aHbI
AQHAJIOTMYHBIE TIOKa3aTeNM 3apyO0eKHOIO aHajora — CpeJHEIEIOYHOW NpHucagku XalTek
6060M, ucnbpITaHHOW B AHAJIOTMYHBIX YyClIOBUsX. Kak cieayeT W3 NpUBEICHHBIX JTaHHBIX,
CHHTE3UPOBAHHBICE HOBBIE MHOTO(QYHKIMOHAJIBHBIE TPHUCAAKUA CYIh()OHATHOTO THIIA
007a1atl0T XOpOIUMH  (PU3UKO-XUMUYECKUMU U (YHKIIMOHATBHBIMU CBOMCTBAMU. ITHU
MpHUCaIKU MpU BBeleHUU B Maciio M-11 B koHueHTpanuu 3% 3HaYUTENbHO YIy4lIaloT €ro
MOIOIINE, ANCIEPTHPYIOIINE, MPOTUBOKOPPO3HOHHBIE CBONCTBA M CTA0MIBHOCTH MPOTHB
OKHCJIEHHS U 10 3(GGEeKTUBHOCTH NPEeBOCXOAAT mnpucaaky Xairek 6060M. Tax,
JucIieprupytomme cporicrsa npu 250 °c npucanok OCKgy u CC-150.y cocraBnsior 66 u
70%, B TO Bpemsa kak mnus mpucaaku Xaitek 6060M sTor mokazarenbs paBeH 60%.
CTabuabHOCT KONJIOMIHOW aucnepcuu K aeiictBuio Boael y npucaaku CC-150., Taxoke
BBIIIIE, 4YeM Yy 3apyoOexxHoro anamora (86 u 76% cooTBeTcTBeHHO). B oTimume ot
MPOU3BOUMBIX CYIb(OHATHBIX MPHUCAAOK pazpaboTaHHBIE CYIb(QOHATHI TAKXKE O0JIATar0T
BSI3KOCTHO-TEMIIEPATYPHBIMU CBOMCTBaMHU. Tak, mpW BBeAEHMHM B Macio M-8 mpucagok
OCKy n CC-150.¢ nHAEKC BA3KOCTU Macia nosslmaercs ¢ 75 1o 83 u 85 eaunui.

Crnemyer OTMETHTh, UTO TMPOIECC TMOJIYyYEHUS NPEMIOKEHHBIX CYIh(HOHATOB
MaJIOOTXOJIHBIM, TaK KaK HCKJII0YAaeT 00pa30BaHHE KHCIOTO TyIpPOHA, B TO BpeMs KakK MpH
MIPOU3BOJICTBE CYIb(POHATHBIX MPUCATOK BBIXOJ KUCIOTO T'YApOHa 3HAUUTENCH.
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Takum oOpa3oM Ha OCHOBE CMECH AIKWJI(GEHOJIOB Pa3IMYHON MOJICKYJISPHOH MacChl
CHUHTE3UpOBaHbl 3((eKTHBHBIE MHOTOQYHKIMOHAIbHBIE CYIb(OHATHBIE TPUCAIKUA C
YIAYYIICHHBIMH SKOJIOTHYECKUMH IT0Ka3aTeNIIMH, KOTOPBIE MOTYT OBITH HCIIOJIB30BAHBI IPU
CO3JIaHUH MTAKETOB MPUCAIOK JJISI COBPEMEHHBIX MOTOPHBIX Macell.
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Acar sozlar: heterogen katalizatorlar, alkilfenol, fasilasiz texnoloji proseslor, fenol.

Key words: heterogeneous catalysts, alkylphenols, continuous technological
processes.
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Son dovrlords ekoloji problemlor oldugca artmigdir. Bu problemlorin artmasinin ilk
osas sobabi miixtolif istehsal saholorinin siiratls inkisaf etmasidir. Digor sobab iso miixtolif
texnoloji proseslor sayasindo havanin, suyun bir s6zlo tobiotin ¢irklonmasidir. Bunun ii¢lin
niive silahlart sinagin1 dayandirmaq, atmosfer havasinin qorunmasi haqqinda biitiin 6lkslorin
gobul etdiklori ganunlara omal etmok, havani ¢irklondiron vo zoharloyon istehsal proseslori
texnologiyalarmi tokmillogdirmok, sanitar-epidemioloji xidmotdon genis istifade etmok,
tullantis1 az olan proseslori yaratmaq lazimdir.

Tabii miihiti qorumaq ii¢lin, qaz, maye vo bark tullantilarinin az olmasi, ya da heg
olmamasi ilo miisaiyot olunan xammaldan istifadosini tomin edon texnologiyalar
yaradilmalidir. Bels texnologiyalar oksor hallarda fasilesiz isloyan texnologiyalar olur.

Uzvi birlosmalori sonayeds asason neft vo qaz emalindan alinan karbohidrogenlardon
sintez edirlor. Homin karbohidrogenlori neft vo qazdan ayirmaq tigiin mixtalif geyri-iizvi
maddslardon — nitrat tursusu, ammonyak, xlor va basqalarindan istifads edilir. Belaliklo, tizvi
birlosmalorin istehsali zamani otraf mithit hom onlarin, hom do geyri-iizvi maddslarin totbiqi
ilo olagodar texnogen tasiro moruz galir.

Bunu noazars alibels texnoloji proseslor yaradilmalidir ki, ham magsadli mohsulun
komiyyat vo keyfiyyatina goyulan talobat tomin olunsun, hom do xammaldan kompleks
istifado mexanizmi, tozlu qaz tullantilarinin, ¢irkli sularin yiiksok effektivliklo tomizlanmasi
ticlin miiasir tisullarin totbigi vo onlara nazarst sistemi mévecud olsun. Odur ki, tobii resurslara
Vo enerjiys gonast edan, yeni ekoloji tohliikasiz texnologiyalarin yaradilmasi va totbigi vacib
mosaladir [1].

Motor yaglarinin fiziki-Kimyavi va eloca do istismar xassalorinin yaxsilagdiriimasi
liciin alkilfenolyat asqarlarindan da genis istifads edilir. AKI-114, UXII-101, B®Ky, AKI-
130, BH1UM-HII-714, BHUM-HII-360 Vo basqa alkilfenolyat asqarlarini almagq {igiin xammal
olaraq alkilfenollardan istifado edilir.

Alkilfenollari istehsalat goraitinds almagq tigtin miixtalif olefinlordon (polimerdistillat,
a-olefinlor vo s.) istifads edilir. ©vvallor bu prosesi aparmagq tigiin miixtolif tursu
katalizatorlardan (benzosulfotursu, sulfat tursusu, toluolsulfotursu) istifads olunurdu .
Tacriiba gostarir ki, fenolun alkillosmasi miixtalif olefinlorlo tursu katalizatorlarin istiraki ilo
aparildiqda proses fasilali olur va asagidaki négsanlar meydana ¢ixir: qurgu fasils ilo
islodiyino gora onun mohsuldarligi asagi olur, xammal itkisins yol verilir, qurgunun istismart
zamani al amayins ehtiyac artir vo ¢ox zohmoat talob olunur, qurguda alinan alkilati yuyan
zaman alkilatda olan tursu katalizatorlari vo reaksiyaya girmoyon fenol yuyularaq ¢aylara vo
donizlora axidilir, flora vo faunani mahv edir.

Hal-hazirda iso bu proseslorin fasilosiz igloyon texnoloji qurgularda aparilmasi asas
masalalordandir. Bunun iigiin ilk avval prosesds istifads olunan katalizatorun heterogen tipli
olmasi vacibdir. Daha sonra prosesds alinan qaliq mahsulun islonarak yenidan prosess
qaytarilmasi lazimdir.

Son zamalar institut kollektivi torafindon fenolun heterogen katalizatorlarin istiraki ilo
olefin karbohidrogenloari ilo fasilasiz alkillosma prosesi islonmisdir. Fenolun olefinlorlo
alkillogsma prosesi zamani alinan alkilfenollarin tarkibinds reaksiyaya daxil olmayan
olefinlordon xammal kimi istifads edilmasinin texnologiyasi islonmisdir. Tatbiq olunan
texnologiya qurgunun moahsuldarliginin artmasina va alinan mahsulun keyfiyyatinin
yaxsilagmasina sobab olmusdur[2].

9dabiyyat
[1] Oliyev A.H. Kimya — Ekologiya, Baki-1996.
[2] A.I'. Tacanos, M.M. Moscym3zane, JI.111. 'amugosa, K.M. Mamenosa, H./I. I'yceiitosa,
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XULASO

MUASIR KIMYANIN AKTUAL PROBLEMLORI
FASILOSIZ iSLOYON TEXNOLOJi QURGULARIN TOTBIQININ
VACIBLIiYI
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Tezis heterogen tipli katalizatorlarin istiraki ilo fasilosiz isloyan qurgularin
hazirlanmasinin vacibliyina hasr olunmusdur. Homin qurgularda istifado olunan heterogen
tipli katalizatorlarin miisbat cohatlori gostorilmis vo homogen tipli katalizatorlarla miiqayisasi
verilmigdir.

Bu qurgularda alkillosma prosesi fasilasiz aparildig: tigiin ekoloji va igtisadi cahatdan
sorfalidir.

PE3IOME

BAKHOCTDb ITIPUMEHEHUS BECIIPEPBIBHO PABOTAIOIIUX
TEXHOJIO'NYECKHUX YCTAHOBOK
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Te3uc noceslIeH Ba)KHOCTU U3TOTOBJIEHUS HEPEPHIBHOPAOOTAIOIUX YCTAHOBOK Ha
reTepOreHHbIX Karanusatopax. [Ioka3aHbl MOJI0KUTEIIBHBIE KAYECTBA TE€TEPOreHHBIX
KaTaJIN3aTOPOB 110 CPABHEHHMH C TOMOTE€HHBIMU. becIpepbIBHO ITPOBEIECHMS IIpoLiecca
AJKUAIUPOBAHUSA Ha 3TUX YCTAHOBKAX BBITOAHO DKOJOTMYECKH U DKOHOMHUYECKH.

RESUME

THE IMPORTANCE OF USING CONTINUOUSLY OPERATING
TECHNOLOGICAL UNITS
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The article is devoted to the importance of the development of continuous devices
with the help of heterogeneous catalysts. The positive qualities of heterogeneous catalysts in
comparison with homogeneous ones are shown. Continuous alkylation in these plants is
environmentally and economically beneficial.
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Bentonitin adsorbent kimi Naftalan neftinin gatransizlasdirilmasinda istifads olunmasi
9sgarova G.M , Mammadova N.H , Hasanova I.1
AMEA Ganca Bolmasi

Acar sozlor: Naftalan nefti, tullantilar, gotransizlasdirma, adsorbent, bentonit

KuroueBnble cioBa: Hadrananckas HedTh, 0TX0abI, 00€CCMOIMBAHUE , aJICOPOCHT,
OCHTOHUT

Keywords: Naphtalane oil, waste, defrosting , adsorbent, bentonite

Naftalan nefti diinyada analoqu olmayan Respublikamizin sarvatlarindon
biridir.Azarbaycan Respublikasinda Naftalan nefti ilo miialico aparan tibb ocaqlar1 vo
saglamliq moarkazlori goxdur. Lakin bu tibb ocaqglarinin goxunda torkibinds goatran va aromatik
birlosmolor olan Naftalan neftindon istifads olunur.

Kurort vo sanatoriyalarda Naftalan nefti miialico mogsadils istifads edildikdo,
proseduradan sonra ¢oxlu miqdarda tullantilar alinir. Homin tullantilar ya anbarlara toplanilir,
ya da tullant1 kimi ¢irkab sularina axidilir. Ekoloji baximindan straf miihitin qorunmasi
moqsadilo homin tullantilarin torkibindon naften fraksiyasinin ¢ixarilmasi vo yenidan tibbdo
istifadosi istigamatinds aparilan elmi-todqiqat islori kimyaci alimlorin daima diggot
morkazinds olmusdur.

Toadgigatlar naticasinds miioyyan edilmisdir ki, tullant1 kimi atilan Naftalan neftinin
torkibinds 12-20%-o gadar bioloji aktiv birlosmalar qalir. Tullantilardan hamin bioloji aktiv
birlosmalorin ¢ixarilmasi Gigiin yerli xammallar asasinda hazirlanan aktivlesdirilmis
adsorbentlardan istifads olunur. Homin xammallardan aktivlosdirilmis adsorbent hazirlamaq
ticin miixtalif emal tisullarindan istifads olunur. Bu tisullardan biri adsorbentlorin termiki
aktivlosdirilmasidir. Termiki aktivlosdirma zamani adsorbentds bas veran fiziki va kimyavi
proseslar naticoasinds onun adsorbsiya xassalori vo xiisusi sathi doyisir.

Bu mogsadls tadgigat obyekti kimi yerli xammal Qazax rayonunun Alpout bentoniti
gotiiriilmisdiir.

Bentonit gillorinin oldugu Alpout yatagi ( imumi ehtiyyatt 100min tondan ¢oxdur)
Bu yataq iki perspektivli montogadon ibarotdir. Yatagin “morkozi” vo “conub” montagalori
faydali qazintinin emali ti¢iin alverisli saraito malikdir .

[s prosesindo tobii Bentonit xammali xirdalayicida iiyiidiiliir, 1,0mm-lik alokdon
kegirilir , namlandirilorak danavarlasdirilir vo qurudulur. Qurudulmus Bentonit xammali
miixtalif temperaturlarda ( 200,400,600 vo 800 ° C ) termiki aktivlosdirilir. Miixtolif
temperaturlarda aktivlosdirilmis Bentonit niimunalarinin har biri ayri-ayriliqgda @ 50 mm-lik
stiso kolonlara dolduralaraq 4 adad adsorbsiya kolonlar1 hazirlanir.
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Tokrar istifado olunmus Naftalan nefti iso deemulsasiya prosindon sonra dérd barabor
hissaya boliiniir va konserogen birlosmalardan tomizlomak mogsadilo miixtalif
temperaturlarda termiki aktivlosdirilmis Bentonitlo doldurulmus adsorbsiya kolonlarindan
kegirilir . Elyuentlorin hor biri ayri-ayriliqda distillo edilorak halledicidon azad olunur. Sonra
distillo kolbasindaki qaliga asasan ¢ixim hesablanir.

Tacriibi naticalor asagidaki ¢odvalda 6z oksini tapmisdir:

Codval 1
Bentonitin miixtolif temperaturlarda termiki aktivlogsdirmasi zamani adsorbsiya
gabiliyyatinin va xiisusi sathinin doyismasi.

Ne Temperatur, °C Naften Naften Termiki
fraksiyasinin fraksiyasinin aktivlogdirilmi.
miqdar1, ml miqdart, % Adsorbentin

xususi sathi,
m?/q

1 200 18,0 90,0 24,5

2 400 10,5 52,5 20,1

3 600 3,7 18,5 12,6

4 800 1,2 6,0 7,2

Miixtolif temperaturlarda termiki aktivlogdirilmis bentonitin adsorbsiya qabiliyyatinin
Vo xiisusi sathinin doyismasinin soboblorini arasdirmaga ¢alisdiq.

Tacriibi vo elmi aragdirmalar naticasinds miiayyan olundu ki, bentonitin termiki
aktivlasdirilmosi zamani 100°C vo 200°C intervalinda adsorbsiya xassolori yaxsilasir vo
xtisusi sathi artir. Bu doyisiklik daxildaki fiziki namisliyin moasamalardon konarlagmasi ilo
izah olunur . Temperaturun 600°C —ys gador yiiksaldilmasi iss onun kristal gafasinds kimyavi
suyun konarlasdirilmasina , bununla slagadar materialin sathinds hidratlagsma daracasinin
asag1 diismosine Vo adsorbsiya xassasinin azalmasina sabab olur. Temperaturun 800°C- ys
gadoar yiiksaldilmasi zamani isa Xiisusi sath azalir. Bu da siixurun tarkibindaki oksidlarin
kimyavi qarsiligh tosirds olaraq, basqa nov kristal quruluslu sathlorin amals galmasins vo
naticods adsorbsiya xassalarinin doyismasina gotirib ¢ixarir.

Elmi todqiqat islori naticasinds miioyyan olunmusdur ki, malham asas1 almaq tigiin
geyri-iizvi maddolorin sulu gellori, bentonit gili , aliminium hidroksid, silikogel va.s togdim
olunur. Onlardan molhom asas1 kimi praktiki oshomiyyat kasb edani baslica olaraq bentonit
gilloridir. Ciinki bentonit gillori — yiiksok dispersliys ( hissaciyin dlgiilori 1-5 mk ) , kimyovi
geyri-aktiv vo suya haris olan xiisusi nov gillordir. Bentonitdon malhom asasi kimi istifado
etdikdo, o tez quruduguna goéras, onun tarkibina qurumani gecikdirmak tigiin sudan basqa
gliserin do alava olunur.

Miioyyon olunmusdur ki, Naftalan nefti tullantisindan alinan naften fraksiyasi dorinin
miixtalif Xastaliklorinds ( ekzema , neyrodermit, dermatoz, qizilyel ), stimiik-oynaq va azalo
xastaliklorinda (arteortrit artrit , miozit , mialkiya va.s ) , sinir xastaliklorinds ( nevrit,
radikulit, plekit va.s ), carrahi xastaliklords (yaniqlarda, yara-xoralarda va.s), ginekoloji
xastaliklorda genis istifads olunur.
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Naftalan neftindon aldigimiz sar1 rangli , gat1 , miialicovi naften yagi daxilo gabul
etdikde mada-bagirsagin foaliyyatini giiclondirir, maddslor miibadilosini tam nizamlayir ,
boyrak, garaciyar, tirayin gan-damar sisteminin , markazi sinir sisteminin foaliyystino miisbat
tosir edir.
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Hcnonb3oBanue 6EHTOHUTA B KauecTBe a/1cOpOeHTa pH 00eccMOINBaHHe
Hadrananckoii HedTn

I'M.Ackeposea , H.I.Mammeoosa, U.U.I'acanosa
Pe3rome

Ha ocHoBanum pazpaboTaHHOW TEXHOJIOTHH W3YYEHBI YCIOBUS MOJYYECHHUS U3 OTXO/I0B
Hadrananckoit Hedtu odbeccMmonenHoit Hegtu. B mporiecce monmydenuss 006eccMOIEHHOM
He()TH YCTAaHOBIIEHO BIUSHUE KOHIIEPTPAIIMA BPEMEHHU U TeMIIepaTyphl Ha TEXHOJOTUYECKHIA
npouecc. C moMoIpo acopOoeHTa OUUIIEHHBIN OT MEXaHWYECKUX MTPUMecel U BOJIbI HEPTH
MOJTHOCTHIO 0OECCMOJIEH U HA €€ OCHOBE IMOJIYUYEHBI PAa3TUYHbIE METUITMHCKHE TIPETaparhl.

Use of bentonite as adsorbent in degreasing of Naphtalane oil
Askerova.Q.M., Mammadov.N.H., Hasanova.lI.
Summary

Based on developed technology, the conditions to produce deresined oil from Napthalan
oil were studied. Within production process of deresined oil, there was out, that concentration,
time and temperature have an effect on the technological process. Refined from mechanical
impurities and water by means adsorbent, the oil is deresined fully , there are produced
different medicines based on deresined oil.

A3sepOaiinxanckuii I'ocynapcreennbiitY uusepcurerHedgru u
IIpombinLienHocTy, baky

Ipenou A. /Inc., Abacosa Y. A.
Acar sozlar: 2,5-dehidrofuranon-2, fenol, bioloi aktivlik, gébaloklor.
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KiarouaBsblie cioBa: 2,5-murunpodypanonsi-2, (peHon, Onosiorndeckass akTHBHOCTb,
TpuOBbIL.

Key words: 2,5-dihydrofuranones-2, phenol, biological activity, fungi.
AnHoTauusa.Kak mokazanu ucciepoBaHHEe KUHETHYECKHX 3aKOHOMEPHOCTEH M MEXaHHM3Ma
MOJICJIbHUX PEAKIUH B30MMOACHCTBHUS MOJMXJIOPCOMCOXKAMMX 2,5-AUTHIPOPYPaHOHOB-2 C
(eHomaMu TO3BOJNMIIO BBISIBUTH ONTHUMAaJbHOE YCIOBUSI cuHTe3a Oosiee 20 HOBBIX Owmc-
¢benmnoBbix 3¢upoB. CHHTE3UPOBAHHBIE COCIUHEHUS MOKA3ald XOpOIIWE PE3yabTaThbl MpH
HUCIIBITAHUU B KA4YECTBEC aHTI/IMI/IKpO6HBIX npucaaoK K CMa3O4HbIM MacjiaM, aHTUCCIITUKOB,
repOUIUA0B, (PYHTULIKUIOB, AHTUTEIIBMUHTOB, YTO MO3BOJIIET PEKOMEHIOBaTh UX KaK HaBble
OMOJIOTUYECKU aKTUBHBIE BEIIECTBA.

Annotation. As shown by the study of kinetic regularities and the mechanism of model
reactions of interaction of polychlorinated 2,5-dihydrofuranones-2 with phenols, it was
possible to reveal the optimal conditions for the synthesis of more than 20 new bis-phenyl
ethers. The synthesized compounds have shown good results when tested as antimicrobial
additives to lubricating oils, antiseptics, herbicides, fungicides, anthelmintics, which allows
them to be recommended as new biologically active substances.

Annotasiya.Kinetik ganunauygunluqlarin va poliklorlu 2,5-dihidrofuranon-2-nin fenollarla
qarsiligl tesirinin model reaksiya mexanizminin dyranilmosindon goriindiiyii kimi, 20-don
¢ox yeni bis-fenil efirinin sintezi tiglin optimal sortlori miioyyanlosdirmok miimkiin oldu.
Sintez olunmus birlogmalor siirtkii yaglarina, antiseptiklora, herbisidlora, fungisidlors,
anthelminticlars antimikrobiyal qatqi kimi sinaqdan kegirildikdo yaxs1 naticalor gostormisdir
ki, bu da onlarn yeni bioloji aktiv maddolor kimi tovsiya edilmoasine imkan verir.

B nocneqnue rosipl 00Ibl10e BHUMaHUE YAENSIETCS HOBBIM JJOCTYITHBIM METOIOM
MOJIYYCHHA XUMHUYCCKUX COCHHHGHHﬁ, HMCIOIIUX P pCaKHI/IOHHOCHOCO6HBIX u
(GyHKIIMOHAIBHBIX TPYII ¥ aTOMOB. K TakiM coelMHEHUSIM OTHOCSITCS
MOJIMXJIOpcoAepKammue 2,5-auruapodypaHoHBI-2, a TAK)KE apOMaTHIECKUE CIIOKHBIE
OucapUPBI MPOU3BOIHBIX MATIEMHOBOM KHCIOTHI, KOTOPHIE HAXOAT IMPOKOE MPUMEHEHHE B
Pa3IMYHBIX OTPACIISX HAPOJIHOTO XO3SHCTBA.

B nHacrosimee Bpems u3BecTHO [1], 4TO MPOCTPaHCTBEHHOE CTPOCHHE OMOJIOTHYECKH

AKTHUBHBIX COGI[I/IHCHHI;'I OMpCaACIIAIOINM O6p330M BIIMSIET HAa UX CBOMCTBA. B cBA3M ¢ O3THUM,
MOKWCK TMPEenapaToB, OONAAAOIIUX OMOJOTHYECKOW AaKTHMBHOCTBIO, a TakKe BBISBICHHE
KOppCiiIuU aKTUBHOCTH OT CTPOCHUSA CUHTC3UPOBAHHBIX COGI[I/IHGHI/IfI ABJISICTCS aKTyaJ'IBHOI\/'I
po0OsIeMoii.
Kaxk HN3BCCTHO, YO HCKOTOPBLIC IIPOU3BOAHBLIC KakK )II/IKap6OHOBBIX KHCJIOT U HX
XJIOPTIPOU3BOJIHBIX AaHAOTOB, TaK W (EHOJOB MPOSBISAIOT OHOJOTHYECKH aKTHBHBIE
CBOICTBa.DTO MPECTaBIUIO OOMBIION HAYYHBINH M MPAKTUYECKUN MHTEpEC MOIydeHHE psaa
COCTMHEHUH, 00TaIal0IINX TaMMOM pa3IMYHBIX CBOMCTB.

CuHTe3upOBaHHbBIC HaMU Ha OCHOBE peakuuu B3aMMO/ICHCTBUS
MOJIMXJIOPCOACPIKAITUX 2,5-TUTUAPODYPAaHOHOB-2 ¢ pa3auIHbIMU QeHoaMu Onc-(heHMITOBBIE
5GuUpHl  MalleMHOBOW, MOHO- U JUXJOPMAJIEUHOBOM KHCIOT SIBISIOTCS HOBBIMH U
NpeaAcCTaBIAOT HpaKTI/I‘IeCKI/Iﬁ HHTEPECC B KAYCCTBC KATAIUTUUCCKH aKTUBHBIX COG)IPIH@HI/If/i.

W3BecTHO, YTO COENMHEHHUs, B KOTOPBIX HMMEETCS apoMaTHKa, TaJoreH, a30T W Jp.
['pymmbl aTOMOB, 4acTO MPSBISIOT OMOJIOTUYECKYI0O aKTHUBHOCTh. TakykKe M3BECTHO, UTO KaK
dbeHonm W ero HEKOTOpble MPOW3BOJHBIC, TaK W MPOU3BOJHBIE MATEHMHOBOW KHUCIOTHI B
OTACIBHOCTH IIPOABIIAIOT 6I/IOJ'IOFI/I‘IGCKyIO AKTUBHOCTHE B PA3JIMYHBIX oOJracTsx. HO3TOMy
MPEJICTABIUIO OONBIION HAyYHBIM W TPAKTHYECKUNW HWHTEPEC CO3JaHuE Kiacca HOBBIX
COCTMHCHUH Ha OCHOBE BBINICYKA3aHHBIX BEIIECTB, OOJAMAIONIMX TaMMOW Pa3IMYHBIX
CBOWCTB.

Kpome TOro, ¢ Tteopernueckoil TOUKM 3peHMs, ObUIO OBl HMHTEPECHO HaMTH
KOPPOJISIIMIO MEXJy CTPOCHHEM M HAIWYMEM PpA3IUYHBIX (QYPKIMOHAIBHBIX TPYII U
OMOJOTUYECKH aKTUBHBIMU CBOMCTBAMHU YKa3aHHBIX COCTUHEHUI.
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W3 npuBeneHHBIX AaHHBIX B Tabmuie 1 BUAHO, YTO BCE MPEIJIOKEHHBIE BEIIECTBA
001a7a10T (PUTOTOKCTYHOCTBIO Pa3HBIX CTeNeHel akTUBHOCTH. Hamnbonee TOKCHYHBIMH ISt
MIPOPOTCKOB OKa3aHuCh Ouc (2,5- auximopeHmnoBeii 3Gup) TUXIOPMAIECHHOBON KHUCIIOTHI,
ouc (3,4-muxnopdeHunoBeii AhuUp) AUXIOPMAIEHHOBOW KUCIOTHI U Ouc (2, 4, 6-
TpUXJIOP(HEHUIOBBIHN 3(pUp) TUXIOPMATICHHOBON KUCIOTHI.

HcnbiTanns Ha (QYHTHIHMIHYIO aKTUBHOCTH NPOBEACHBI METOJIOM TPOPAIIUBAHUS
¢duTONaTOreHHbIX rpu0OB HA IJIOTHOM MHUTATEIBHOW Cpefie B MPUCYTCTBUU HCCIETyEeMOIO
BemecTBa. CoeanHeHue HCMBITHIBATUCH B KoHUEHTparuu 0,003 a.B. OO0beKTaMu CIyXHIU
rpu6s! F.Solani, H.Sativrum, B. Cinerea.

Pe3ynbraThl HCIIBITAaHUI CHHTE3MPOBAHHBIX HAMU BEILIECTB MTPUBEICHBI B Ta0muUIE 1.

Taoauna 1.
@DYHruuUIHAs U TepOUIUTHAS AKTUBHOCTh HEKOTOPBIX CHHTE3MPOBAHHBIX
coeIuHEeHUu

Ne | BemiectBO DOYHIMIUIHASA AKTUBHOCTH I'epOuunaHas aKTHBHOCTH

F.Solan | H.Sativru | B. oBe | mpoc | orypu | peau
i m Cinere |c 0 bl c
a

1 | buc (2,5-muxnop- | 11,4 24,2 6,6 65 80 75 62
(beHnnoBeIii 3¢up)
JIUXJIOpMa-

JICMHOBOM KHCJIOTBI

2 | buc (3,4-muxnop- | 29,5 28,3 61,4 64 79 53 57
(beHnnoBeIii 3¢hup)
JUXIIOP-
MaJeHHOBOM
KHUCJIOTHI

3 | buc (2,4,6-tpu- | 79,1 57,6 74,5 32 |75 53 54
XJIOp(hEeHUITOBBII
ahup) auxiIopma-
JIEMHOBOW KUCJIOTHI

4 | buc (4-xnopdenu- | 22,1 36,6 25,6 37 59 37 47
JOBBIA 3Qup) nu-
XJIOPMaJIEHHOBOU
KHCJIOTBI

5 | buc (4- 1114 7,3 0 38 |75 57 80
HUTPOGEHUITOBBII
a¢up) JIUXJI0p-
MaJIEMHOBOM
KHCJIOTBI

6 | buc (2,4-muauTpo- | 71,6 74,4 91,9 - - - -
bennnoBeIil 3¢up)
JTUXJIOPMAJICHHOBO
M KHUCIOTBI

Kak BumHO U3 3TOH TaOnMIIbI, BCE MCIBITAHHBIE COCIMHEHUS MPOSBISIOT B TOW WM
MHOM cTeneHn (YHTUUUIAHYIO aKTHUBHOCTh. A Ouc (2, 4, 6-TpuxyiopdeHonoBbiii >¢up)
JUXJIOPMAJICUHOBONH KUCIOTHI M Ouc (2, 4-mUHUTPO(EHUIOBBINH 3hUp) AUXIOpMaATIEHHOBOM
KHUCJIOTHI MPOSIBIISIIOT HAUOOJBIIYI0 aKTUBHOCTH KO BCEM MMOKa3aHHBIM IpHOaM.
CuHTE3UpOBaHHbIE COCJMHEHUS OBbUTM MCIBITAaHBl B KAdyeCTBE aHTUMHMKPOOHBIX
MPUCAZOK K CMa30YHBIM MacjaM. VchbITaHus TPOBOJUIIUCE TIPH 28-30°C B Teuenuu 2-3
172




CyTOK. B KauecTBe TeCT-KyJbTyp MHUKPOOPraHM3MOB OBLIM HCIOJIb30BaHbl OaKTEpUU:
Pseudomonas aeruginosa u Mucobakterum Cladosporium resinal, S.F.ugray.

Pe3ynpTaThl HCIBITAaHUI MOKA3alM, YTO 3TH COEIMHEHUS Y(PPEKTUBHO ACHCTBYIOT Ha
MOJaBJICHUE POCTa MUKPOOPTraHU3MOB, 0coOeHHO rpuboB B macne JIC-11. BeisBieno, uto
1oJ JACUCTBUEM MCCIEIOBAHHBIX OMC-3()MPOB HE MPOUCXOAUT OTPHULATENBHBIX W3MEHEHHUH
AKCIUTYyaTAllMOHHBIX CBOWCTB Macia. J[eliCTBUE JTUX COCIMHEHUM MPHU MOBBILICHHOU
BIQKHOCTH M TEMIIEpaType JUIMTENbHO COXPOHSIETCS U HE OKa3bIBAaeT OTPULIATEIBLHOIO
BIMSIHUA ¥ (PU3UKO-XMUMUYECKHE CBOMCTBA Maca.

Pe3ynbpTaThl NpOBEIEHHBIX HCCIECAOBAHUI CHHTE3MPOBAHHBIX HAMU OMC-(EHHIIOBBIX
3(pHUPOB MaJCHMHOBOW, MOHO- M JIUXJIOPMAJIEHHOBOM KHUCIOT B KadyecTBE OWOJIOTHYECKU
aKTUBHBIX COEJIMHEHHWH I0Ka3aliM, YTO BCE OHU B OCHOBHBIM IPOSBISIOT OMOJIOTMYECKYIO
AKTUBHOCTb.

bbuia crienana noneITKa BBIIBUTH KOPPEIALUI0 MeXAY HaauuueMm aroMoB U rpynn (Cl,
NO;) u Omonmreckoil akTHBHOCTHIO. Kak ToOKaszamm pe3ynbTaThl MCCIEIOBaHHN, MPOBECTH
YEeTKYI KOPpEJSLHI0 He BCerja yjaaercs, T.K. yBEJIMYEHHE KOJIMYEeCTBa aTOMOB XJOpa WU
HUTPOTPYIIII HE BCET/la NMPHUBOIWIO K IOJIOKUTENbHBIM dddektam. Taxke urpano posb
HaJIMYMe 3TUX TPYII U aTOMOB IpU JIBOMHOM CBsi3u y coeauHeHuil. OnHako, 0OHaKypEeHbI
HEKOTOPBIC TCH/ICHIINH, CBSI3aHHBIEC C YBEITMUEHHEM YHCIIa TETEPOATOMOB B MOJIEKYJIE.

BbisiBIIeHO Tak ke, YTO AKTUBHOCTb COEAMHEHUH BO MHOIOM 3aBUCUT OT
pacIiooKeHUs] aTOMOB M TPYII B MOJIEKYJIe BEIECTBa. 3/1€Ch, IO BHIOMOMY, UTPAET POJIb
BHYTpPEHHEE B3aMMOJAEHCTBUE (YHKIMOHANBHBIX rIpyni. Kak mnokaszanu pe3ynibTaTbl
uccienoBanmii (Tabn. 1) coeawHEHHs, TOMYyYCHHBIE HA OCHOBE 3,4-TUXIIOp-, 2,5-IHUXIIOp-,
2,4,6-tpuxsiop-, 4-HuTpo-, U  2,4-TUHUTPO(EHONIOB, MPOSBIAIOT Oo0liee  BBICOKYIO
OMOJIOTUYECKYIO aKTHBHOCTb, YeM MX JAPYIHe aHAJIOTH.

Takum o00pa3oM, Ha OCHOBE BBISBJICHHBIX KHHETHUECKUX 3aKOHOMEPHOCTEH Ha
MOJICNIHOW ~ peaknmuu  B3auMmojeiictBus — 4-xmopdenonma ¢ 3,4,5,5-terpaxiop-2,5-
quruapodypaHona-2 u  4-autpodenona ¢ 5,5-puxiop-2,5-aurupodypaHoHOM-2  ObLIH
MOJy4eHbl ONTHMAJbHBIE YCIOBHS CHHTE3a psAa HOBBIX OHC-(peHMIOBBIX 3(upoB
MaJIEMHOBOM, MOHO- U JUXJOpMajenHoBoH kucioT. Iloka3aHo, 4To cMHTe3MpOBaHHBIE OMC-
(benunnoBble 3(hUphl MPOSBIAIOT OMOJOTHYECKH aKTUBHBIE CBOMCTBA.

Jlureparypa
1.Jlannay M. A. «MomnekymsipHble MEXaHU3MBbI IeHCTBUS (U3UOIOTMYECKU aKTUBHBIX
coenuHeHui» - M. Hayka, 1981, 262 c.

AZOT-,KUKURD TORKIBLI BIRLOSMOLORIN ANTIMIKROB XASSOLORININ
TODQIQI

BabayeVvE.R., 9fandiyeva X.Q., MammadovaP.S., Soltanova Z.Q., Ominova B.M.,
Qahramanova K.R.

AMEA Akad. ©li Quliyev adma Asqarlar Kimyas: Instituitu, Baki
E-mail: aki05@mail.ru,xuraman.efendiyeva@mail.ru

Molumdur ki, yaglar, yanacaqlar saxlanildigda vo istismar zamani dorin Kimyovi
cevrilmoalora — oksidlogsma, par¢alanma, polimerlosmays Vo S. maruz galirl. Bu mohsullarda
mikroorganizmlarin inkisafi naticasinda mikrob seliklarinin va ¢okiintiilarin amala galmasi ila
olagodar olarag, karbohidrogenin torkibi doyisir, fiziki-kimyavi va istismar xassalori pislosir.
Biitiin bunlar rezervuarlarin va s. istismar avadanligiin korroziyaya ugramasina, siizgaC Vo
nasoslarda tixaclarin yaranmasina gotirib ¢ixarir ki, naticodo miixtolif gozalar bas verir.
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Materiallarin biozodalonmolordon qorunmasi ii¢iin osas iisullardan biri onlarin torkibina
miixtolif biosid alavalorin daxil edilmasidir.

Neft-kimya sahasinds aparilan elmi todqigatlarin miihiim istigamatlorindan biri kiikiird-,
azot torkibli maddslara fuksional gruplar daxil etmakls, yeni maddslorin sintezi vo siirtkii
yaglarinda antimikrob xassolorinin asqar kimi todqiqidir [1, 3, 4]. Aparilan tadgiqatlarin
davami kimi alkilamin, karbon disulfid vo malein tursusunun dialkil efiri ilo reaksiyasindan
1,3-tiazolidin-4-on-2-tion birlosmoalori asagidaki sxem tizro alinmisdir:

: N
CH —COOR RNHCSCH —COOR S=C  cH— CH,COOR'
RNH, +CS,+ | — || — I
CH — COOR' S CH, —COOR  -ROH R—N — C=0

Burada, R - C3H7, i- C3H7, C4H9; R'— CH3

Reaksiya reagentlorin ekvimolyar nisbotindo 1,5-2 saat olmagla, 70-80°C-do
aparilmigdir.

Eyni zamanda, yaglarin antimikrob xassosini yaxsilagdirmaq iiclin allilxloridle
kaptaksin asagida verilon sxem {izro molum reaksiyas aparilmis va 2-(alliltio)benzotiazol
sintez edilmisdir.

N N
@II + CH,=CHCH,CI M@Fn ) + NaCl
S/C_SH S/C_SCHZ—CH-CHZ

Reaksiya reagentlorin ekvimolyar nishatinds 7-8 saat olmagla, 40-45°C-do aparilmusdur.
1,3-tiazolidin4-on-2-tion  birlosmalori  vo  2-(alliltio)benzotiazolun  fiziki-kimyovi
xassalori cadval 1-ds verilmisdir.

Cadval 1.
2-(alliltio)benzotiazol vo 1,3-tiazolidin—4—on—2-tion birlogsmoloarinin fiziki-kimyavi xassalori
Qaynama MRp
Maddolorin kimyavi | Cixim, 420 20 tempgraturu,
formulu % ' P c Tapilmis | Hesablanmis
mm/c.s.
/S\
S={  nmencoon, 85 1.2611 | 1.5654 164/0.5 63.89 63.17
CH—N—C=o0
/S\
S= ¢ en—cHco0ck, 80 ~ — | TorimoC 735 - ~
iCH,—N —C=0
/S\
S=§  pnmcncoocH, 60 1.2370 | 1.5600 179/0.5 68.30 67.79
CHsN —Cc=o0
N
@Z}-scvcwcm 85 1.2201 | 1.6625 174/0.5 62.90 62.31

Alinan maddolorin torkibi vo qurulusu element analizi vo 1Q spektroskopiya iisulu ilo
tosdiq edilmisdir [2].
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Sintez edilmis maddslorin antimikrob asqar kimi 1% qatiliqda sintetik vo mineral AK-
15 yaginda smaqlar apartlmigdir. Tadqiq olunan birlosmonin antimikrob aktivliyi 9.052-75 vo
9.082-77 T'OCT-lan1 tiizro zonal diffuziya Usulu ilo Oyronilmisdir. Sinaqlar i¢iin neft
mohsullarinda genis yayillmig vo onlari aqressiv zodoaloyan mikroorganizmlorin tomiz
kulturlarindan istifads edilmisdir.

Bakteriyalar tigiin OPA (at-pepton asqar1), gébaloklar ii¢iin isa SA (Somani suyu aqart)
miihiti se¢ilmisdir. Bakteriyalar — Pseudomonas fiuorecenses, Aspergillus niger,
Pseudomonas aeruginosa, Mycobacterium lacticolium vo maya goboloklori gotiiriilmiisdiir.
Niimunolorin yoluxdurulmas: tgiin fordi bakteriyalar barabar hacmds garisdirilaraq skmok
tiglin suspenziya hazirlznmigdir. Mikroorganizmlarin akilmasi qidalandirici miihitin sothinds
aparilir. Mikroorganizmlorin  mohvolma zonasinin toyini ti¢iin miihit sothinds sterilizo
olunmus ¢ubugla diametri 10 mm va darinliyi 4-5 mm olan dolik agilir. Homin daliklords
biosidsiz vo biosid slave edilmis yag olava edilorok bakteriyalar ti¢iin 2-3 sutka, gébaloklor
{igiin 5-7 sutka miiddetindo 28+2°C miioyyen riitubotde termostatda saxlanilir. Todgiq
olunmus birlosmonin antimikrob xassalorinin efektliyi  mikroorganizmlari  mshvetms
(asqarsiz) zonasini diametrinin (sm) boyiikliiyiine gora miiayyan edilir. Zona no gadar boyiik
olarsa, agsqarin antimikrob efektivliyi bir o qodar yiiksok olur. 2-(alliltio)benzotiazolun val,3-
tiazolidin-4-on-2-tion birlosmoloarinin sintetik vo mineral AK-15 yaginda antimikrob xassalori
todqiq edilmis va gastaricilor codval 2-da verilmisdir.

Codvoldon goriindityti kimi, 2-(alliltio)benzotiazolun AK-15 yaginda antimikrob
xassolori effekt vermir. Lakin sintetik yagin torkibinds 1% qatiligda yagin bakteriyalara qarsi
xassosini yaxsilasdirir vo homin qatiligda etalon kimi gotiiriilmiis pentaxlorfenolyat
natriumdan forqli olaraq goboloys qarsi effekt vermoass do, bakteriyaya qarsi effektliyi
dstlinliik toskil edir. 1,3-tiazolidin-4-on-2-tion birlosmolorinin sintetik yagda antimikrob
xassalorini miiqayiso etdikdo sintetik yagda gobaloklora qarsi effektlik vermoso do,
bakteriyalara qarsi xassalorini yaxsilagdirir. N-Butil-5-metoksikarbonilmetil-1,3-tiazolidin-4-
on-2-tion birlogsmosinin gostaricilori bakteriyalara qarsi eyni qatiliqda etalon kimi gotiiriilmiis
pentaxlorfenolyat natriumdan yiiksokdir, lakin 2-(alliltio)benzotiazolla miiqayisada nisbaton
asag1 effekt gostorir, bu da allil grupunun tasirindan irali galir. Burdan beloa naticoys galmok
olar ki, maddonin biosid xassolori miixtolif torkibli yaglarda miixtolif effektiv naoticolor
gostorir.

Cadval 2.
2-(alliltio)benzotiazol val,3-tiazolidin-4-on-2-tion maddoalarinin antimikrob xassalori
Mikroorganizmlarin

Biosidin mohvedilma zonalarinin
qatihigi, % diametri, sm
Bakteriyalar | Gobaloklor

N
@_SCHZZCH'CHZ 1,0 1,5'1,7 +++
S

Niimunalor

+ Sintetik yag

/
s=¢ |CH—CH2COOCH3 10 12-13 ++ 4+
CH—-—N—C=o0 +Sintetik yag
/S
S = (l: cH—CH,COOCH, 1’O 1,2-1,3 ++ +
iC;H,—N —C=o0 +Sintetik yag
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/S
CHgN —C=0 +Sintetik yag
N
@'SCHZ:CH-CHZ 10 T T
S + AK-15 yagi
Pentaxlorfenolyat 1,0 1,3 1,4
natrium(etalon) 0,5 0,7 0,7
Asqarsiz sintetik yag F 4+ + 4+
Asqarsiz AK-15 yagi F++ F++

Bu i todgiqat 18-55-06018 sayli elmi layiho corgivesinds Rusiya (POOU) vo
Respublika Prezidenti yaninda Elmin Inkisafi Fondunun EIF-BGM-4RFTF-1 qrant nomrali
Azorbaycan 2017-21/12/4/ maliyys dostayi ilo hoyata kegirilmisdir.
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HEPEI'PYINIUPOBKH BPEAKIUAXAJTKAUJINPOBAHUA
B-AMKAPBOHUJIBbHbBIX COEJJUHEHUU

Hcmaunoe B.M., FOcyboe H.H.,~ Hopazumosa I'.T.
Baxuncxuii I'ocyoapcmeennviti Ynusepcumem, baxy
Isnoocunckuil I'ocyoapemeennwiti Yuusepcumem, I'anoica

Acar sozlor: dimetilasetondikarboksilat, alkillosmo, bromasetal,
yenidanqruplasma,furan
Key words: dimethylacetondicarboxylate, alkylation, bromocetal, regrouping, furan
Kirouesrble CJI0Ba: AUMETHIALETOHAUKAPOOKCHIIAT,
AJIKWJIMPOBaHue,0poManeTab,leperpynnupoBKa, pypan

Humermnaneronaukapookcunar (1), copepkamuii  JBe aKTUBHO-METHJICHOBBIC

TPYNIbI, SBISETCS MOAXOAAIIUM OOBEKTOM JJIsl M3YyUEHHUsS psjla TEOPETHUECKUX MpodiIemM
CBSI3aHHBIX C HM30MepH3alMed U mneperpynnupoBkoi. Tak, amkunupoBaHue mpoaykra 1
HONMCTBIM METHJIEHOM ObLT MoiydeH npoAyKT O-aJKuIupoBaHUs, KOTOPBIA IpHU
Temneparype Bbie 180 °c IIPETEPIEBACT MEPErPYNIUPOBKY, MpeBpalasich B npoaykr C-
QIKWIMPOBAHUSA, YTO BUJUMO CBSI3aHO C TEPMOJANHAMHUYECKONW 0OCOOEHHOCTBIO MOCIEAHETO
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CH3J

CH;0— C —CH,— C— CH, — CO,CH; ———— CH;0— C — CH=C —CH,CO,CH; —>
[ [ K,CO; / DMSO |
O
6 , © o , OCH;

180 °C
— CH,;0—C—CH—C—CH,CO,CH;
&,
3
AJNKuUIMpoBaHUE KeToHa lOpomalieTraieM YKCYCHOTO alipJierhja Takxke IaeT HpoaykT O-
ATKWIMpOBaHus. B oriaumume oT MertwnoBoro ddupa JAaHHBIE COCAUHCHHS SIBISIFOTCS
CTaOUIIBHBIMU K BO3JICHCTBUIO TEMPEPATYPHI.
['unponu3 aneTanbHOTO (parMeHTa MPUBOAWT K OOPa30BaHHUIO (OPMUIMETHIBLHOTO 3dupa
eHona. IlocrmenHuil Take NpeTEepHeBaeT MEeperpynnupoBKy Iipu Temieparype 170 ocC.
BunuMo, murpamms pajMkana CBs3aHO ero obbemMoMm. Uem Jerue paaukai, TeM Jierde
MPOUCXOIUT €ro MUTpalUs K YriIepoay, Kak 3To Obuio mnokazano B pabdote [1]. [locneqnuii B

KHUCIION cpenie 00pa3yeT Mpou3BOAHOE BypaHa.

BrCH,CH(OE),
CH;0— C—CH,— C— CH, — CO,CH; ———— > CH;0— C— CH=C —CH,CO,CH; —>
| [ K,CO; / DMSO II
0 o} o) OCH,CH(OEt),
4 0
Yo
OCH,CH=0
H,0
o CH3O—C|—CH= C—CH,CO,CH;
H
0 5 O CH,CH(OEY),

0
0} O

1@ I CH,CO,CH,
CH;0—C—CH—C—CH,CO,CH; —»  1,cOC

CH;0— C— CH—C—CH,CO,CHj

O CH,CH=O0 O
6
ANKUTMpPOBAaHUE COEAMHEHMs 1XIOpMEeTHIIMaHUIOM JaeT mpousBogHoe (ypana. [lo Bceit
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3ameueno, yto npoaykT C,C-muankwnupoBanus npu 200 “C neperpynnupoBbIBAETCA B
coenuHenue C,0-ankuaupoBaHus

1. HecmesnoB H.A., bepman C.T., Peyros O.A. // U3B. AH CCCP, cep.xum., 1975, Nel2,
c.2845

HEPEI'PYIIMPOBKH BPEAKIIUAXAJIKUJINPOBAHUAA
B-AMKAPBOHUJIBbHBIX COEJJUHEHUU

Hcmaunoe B.M., FOcybos H.H.,* Hopacumosa I'.I'.

KuroueBble cii0Ba: IMMeTHIANETOHIUKAPOOKCIIIAT, AJIKHIUPOBaHNe, OpoManeTaib,
neperpynnupoBKa, pypan

bakuHckuil 'ocytapcTBEHHBIN Y HUBEPCUTET, baky

*FHHL[)KI/IHCKI/Iﬁ ['ocynapcTBeHHblll Y HUBepcUTeT, I'aH1ka

p-DIKARBONILLI BIRLOSMOLORIN ALKILLOSMO
REAKSIYASINDA YENIDONQRUPLASMA

ismayilov V.M., Yusubov N.N., “[brahimova G.H.

Dimetilasetondikarboksilatin mono- vo polihalogenli birlogsmolorlo alkillosmo reaksiyasi
totqiq olunmusdur. Miiayyan edilmisdir ki metilyodidlo alinan O-alkillosma mohsulu yiiksok
temperaturda C-alkillosma birlosmasine kegir. Dimetilasetondikarboksilatin xlorasetonnitrillo
Vo 1,2-brometanla reaksiyasindan funksional avozli furanlar sintez edilmisdir.

B-ALCILATION OF DICARBONYLLE COMPOUDS RECONSTRUCTION IN
REACTION
The alkylation reaction of dimethylacetone carboxylate with mono- and polyhalogen
compounds has been studied. It was found that the O-alkylation product obtained with
methliodide is converted to C-alkylation compound at high temperatures. Functionally
substituted furanes were synthesized from the reaction of dimethylacetone carboxylate with
chloroacetonitrile and 1,2-bromethane.

MUXTOLIF TOYINATLI SURTKU YAGLARININ BiIODAVAMLIQ
XASSOLORININ TODQIQi

Cofarova I.A.
AMEA Ganca Bolmasi
Acar sozlor: siirtkii  yaglari, biosidlor, biodavamliq, biozadalonmo, asqar

kompozisiyalari
KiroueBble cjoBa: CcMa304yHbICE MaTepuaibl, OWOLIMIBI, OHOpa3IaraeMocTh,
Ouonerpananus, MPUCaIKU.
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compositions

Xiilasa

Saxlama Vvo nogl zamami sirtkii yaglar1 yiiksok temperatur vo riitubat soraitinds
mikroorganizmlorin tesirine moruz qalir vo noticodo istismar xiisusiyyatlorini itirirlor.
Mogalods miixtalif toyinatl siirtkii yaglarinin biodavamligina dair todqiqatin naticalori tagdim
olunur. Bu yaglarin aparilan smaglar naticasindo tamamilo mikroorganizmlar tarafindon
hiicuma moaruz qaldigr miioyyan edilmisdir. 0.15-0.5% qatiligda a-fenil- B-nitroeten vos ya a-
furil- B-nitroetenin siirtkii yaglarinin torkibino daxil edilmosi bu yaglari mikrobioloji
zodalonmodoan tam vo uzunmiiddatli gorunmasini tomin edir.

Neft sonayesinds istehsal olunan siirtkii yaglari miixtalif istismar xassalorina malikdir.
Bu xassolor yagin istehsali {igiin islonon xammaldan, onun tomizlonms soraiti vo tisulundan
asilidir. Sirtkii yaglar1 daxili yanma mihorriklorinin siirtiinon hissolorini yaglayir, hamin
hissalori soyudur va porsenin silindr igarisinds kip oturmasmi tomin edir. Beloliklo,
miiharrikin siirtinon metal hissalorindo yeyilmasinin qarsisi alinir. Siirtkii yaglarini istismar
etdikds homginin o tozla, mexaniki qarisiqla ¢irklanir, benzinls qarisir vo domir soth tizorindo
yiiksok temperatur vo tozyiq soraitinds hava oksigeni ilo birlagarok oksigenli mohsullar amalo
gatirir [1;2].

osrin avvallarinds istismar edilon miixtolif toyinathi siirtkii yaglarmin belo boyiik
miqyasda istifadesi yox idi. Istehsal olunan yaglarin istismari zamani ekoloji problemlarlo
alagoadar, mévcud materiallarin zodslonmasi ilo ciddi mosgul olunurdu. Lakin hazirda ela bir
material yoxdur Ki, onlar biozadslonmays moruz qalmasin. Bu sobobdon materiallarin torkib
Vo totbiq sahasine gors igtisadi cohatdon boyiikk miqyasda ekoloji zarba ilo yaranan itkilorin
garsisini almaq miithtim problemao ¢evrilir.

Qeyd olunan materiallar sirasinda miixtalif nov siirtkii yaglar1 xiisusi yer tutur.
Mineral, yaxud qarisiq sintetik osash siirtkii yaglarmin torkibindoki naften, parafin vo
aromatik  karbohidrogenlordon bir sira mikrob va gobaloklor miixtalif soviyyado gida
monbayi Kimi istifado etdiyi ti¢lin onlarin biozodolonmo prosesi intensiv gedir [3;4].
Stirtkii yaglart iki torkib hissadon: baza yagi va totbiq sahasina goérs talob olunan funksiyalari
tomin edon asqar kompozisiyasindan ibaratdir.

Miixtalif funksional xassali — detergent-dispersedici, korroziya, oksidloasma, yeyilmaya
qarst, habelo yaglarin ozliilik-temperatur xassslorini tomin edon asqar paketlorinds genis
spektrli siirtkii yaglarinin istehsal prosesindo asas diggot mikrobioloji zadslonmays qarsi
davamli siirtkii yaglarmin yaradilmasi ilo yanasi uzun miiddotli, biitiin movsiimlords igloyan,
giiclondirilmis va yiiksok giiclondirilmis {iftirma Vo iifiirmasiz soraitds isloyan motor vo dizel
mithorriklori {liglin yiiksok istismar keyfiyystino malik siirtkii yaglarinin yaradilmasina
yonaldilir.

Miiayyon edilmisdir ki, Baki baza yaglar1 asasinda avtotraktor, stasionar, 6z yiikiinii 6zl
bosaldan, gami, teplovoz vs s. dizel miiharriklori {igiin M-10T",x, M-12 BB, M-14B,, M-14T,
stirtkii yaglarinin yaradilmasinda todqiq olunan asqar paketlorindon istifado edildikdo asqar
kompozisiyasinin torkibins biosid xarakterli birlogsmolorin daxil edilmasi maslahatdir.

Miixtolif ndv yaglarin biosidlorlo biozodolonmays qarsi davamliq xassalori

Avtotraktor, Mikroorganizmin inkisaf sahasinin
tep|0VOZ, gSm' V3 mQth, sm

stasionar  dizellori | Biosid Qatilq,

ligtin stirtki % bakteriya gbbalok
yaglarinin markasi
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1. M-10B; o-fenil-B-
nitroeten 0,15 1,7 1,3
nomn 0,25 2,0 1,6
n_non 0,5 2,5 2,0
o-furil-p- 0,15 1,2 1,5
nitroeten 0,25 15 2,5
L 0,5 2,0 3,0
2. M-12Bb o-fenil-B-
nitroeten 0,15 11 2,0
nomn 0,25 1,3 —
n_non 0,5 2,5 —
o-furil-p- 0,15 1,0 2,5
nitroeten 0,25 1,2 -
L 0,5 2,0 —
3. M-10T", o-fenil-B-
nitroeten 0,15 + 1,8
nnone 0,25 + —
nomn 0,5 1,0 —
o-furil-B- 0,15 1,7 19
nitroeten
L L 0,25 2,0 —
nomomn 0,5 2,1 —
4. M-14TI", o-fenil-B-
nitroeten 0,15 1,5 1,2
n_onn 0,25 3,0 1,5
o 0,5 4,0 2,0
o-furil-p- 0,15 1,2 1,5
nitroeten
L 0,25 2,0 2,0
L L 0,5 2,5 3,0

- mikroorganizmlarin tam mahv olunmasi,

“+ 7 mikroorqanizmlorin tam inkigafi

Codvoldon goriindiiyii kimi miixtalif qatiliglarda — 0,15-0,5% istifado edilon biosidlorin
tosiri ilo mikroorqanizmin inkisaf sahasinin mohvi 1,5-4,0 sm haddlorindadir, bu miisbot
naticadir, a-fenil-B-nitroeten biosidinin qatiligr artdiqca bakteriyalarin mahvi kifayst dorocads
artir. GoOriindiiyii kimi hor iki biosidin a-fenil-B-nitroeten vo o-furil-B-nitroeten yag
kompozisiyasina daxil edilmasi ilo miioyyon miisbot noticolor alinmigdir. Boazi hallarda o-
fenil- B-nitroeten vo a- furil-B-nitroetenin tosiri daha giicliidiir. Belo ki, M-14I"; yaginda
nitrolun tasiri olmadig halda nitrofurilenls sinaqlarda yiiksok miihafizo miisahida olunur.

Siirtkii yaglarinin torkibine miixtolif biosidlorin slavs edilmasi ilo aparilan todqigatlarin
miisbot naticalorine asason coxfunksiyali detergent-dispersedici alkilfenolyat tipli AKI seriyali
asqar vo asqar paketlori osasinda biozodolonmays garst davamli miixtolif toyinatli siirtki

kompozisiyalar1 yaradilmigdir.

baky: «Qam», 2007, c.7.

2. Kpeitn C.D uap. M3MeHeHHe HEKOTOPHIX CBOMCTB HE(TSHBIX Macesl MO JeHCTBHEM

ODOBIYYAT
1. Kynues P.II.Mcropuss Hayku W MpPOU3BOJACTBA CMa304YHBIX Macesl B A3sepOaiikaHe —
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UCCJEIOBAHUE BUOJOTMYECKHAX CBOMCTB PA3JIMYHBIX
CMA3OYHBIXMATEPHAJIOB

Jrcaghaposa U.A.
I'anoxncunckozo ¢punuana HAHA
Pe3rome

CMazouHble Maciia TMpU XPaHCHHWH W TPAHCIOPTUPOBKE B YCIOBHSX IMOBBIIICHHBIX
TEMIIEpaType U BIAKHOCTU IMOPAKAKOTCS MUKPOOPTaHW3MAaMH, B PE3YJIbTATE YEro TEPSIOT
CBOM DKCIUTyaTallHOHHBIC CBOWCTBa. B pabore mNpuBeAcHBI pPE3yabTaThl HCCIICIOBAHUH
OMOCTOMKOCTH CMa304YHBIX Macell Pa3IMYHBIX TUIIOB U Ha3HAUYEHHUA. Y CTAHOBIJIEHO, YTO ITH
MacJia B YCJIIOBUSX UCIBITAHUY TIOJTHOCTBIO MOPAKAIOTCS MUKPOOpPTaHu3MaMu. BBeneHne B ux
coctaB 0,15-0, 5% oa-denun-f-uutposTreHa win o-Qypui-B-HUTPoITEHA OOecIeunBaeT
MOJIHYIO | JUTUTEILHYIO 3aIIUTY STUX Macel OT MUKPOOHOIIOTUIECKOTO TOPAKEHUSI.

STUDY OF BIODUSTIVITY PROPERTIES OF DIFFERENT Lubricants
Jafarova |.A.
Ganja branch of ANAS
Abstract

During storage and transportation under conditions of the high temperature and humidity,
lubricating oils are attacked by microorganisms, as a result of which it lose its operational
properties. Scientific paper presents the results of a study of the biostability of lubricating oils
of various types and purposes. It has been established, that these oils are completely attacked
by microorganisms under test conditions. Introduction of 0.15-0.5% of o-phenyl-B-
nitroethene or a-furyl-B-nitroethene into its composition provides complete and long-term
protection of these oils from microbiological damage.

DIAKUA(IZONIKOTINAMID-«N')- (4-METOKSIBENZOATO-x?0,0")- (4-
METOKSIBENZOATO-x0)KOBALT(IT) KOMPLEKSININ SPEKTROSKOPIK ve
TERMAL KARAKTERIZASYONU, MOLEKULLERARASI ETKIiLESIMLERIN ve
ETKILESIM ENERJILERININ CRYSTALEXPLORER PROGRAMI YARDIMI iLE
INCELENMESI

Fiireya Elif Oztiirkkan®, Mustafa Sertcelik', Erding Tenlik’, Hacali Necefoglu2

1Kaﬂcas Universitesi, Miihendislik-Mimarlik Fakiiltesi, Kimya Miihendisligi Boliimii, Kars,
Tiirkiye.
2Kaﬂcas Universitesi, F. en-Edebiyat Fakiiltesi, Kimya Béliimii, Kars, Tiirkiye
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Keywords: 4-methoxybenzoic acid, isonicotinamide, Hirshfeld surface analysis, Transition
metal complex, interactions energy calculations
Bu calismada, kristal yapisi daha Once belirlenmis olan diakua(izonikotinamid-KN1)-(4-
metoksibenzoato-x?0,0')-  (4-metoksibenzoato-«xO)kobalt(Il)  kompleksinin  6zellikleri
elementel analiz, FT-IR spektroskopi ve termal analiz yontemleri ile karakterize edilmis ve
CrystalExplorer 17.5 Programi yardimi ile Hirshfeld yilizey analizleri yapilmis ve dnom
haritalari, sekil indeksleri, kavislilik haritalar1 ve elde edilen iki boyutlu parmak izi grafikleri
kullanilarak molekiiller arasi etkilesim ylizdeleri ile belirlenmistir. Yapida bulunan O—H...O
ve N—H...O hidrojen baglarinin varligi H... O / O... H ve H... N/ N... H etkilesimlerinin
varlig1 ile dogrulanmistir. Yapida bulunan benzen ve piridin halkalar1 arasindaki etkilesimden
kaynaklanan zayif C-H...m ve m-m etklesimleri gerek iki boyutlu parmak izi grafigi ile
belirlenen % 20,1’lik H...C/C...H etkilesimleri, gerekse de sekil indeksindeki bitisik kirmizi-
mavi Uggenlerin varligr ile desteklenmektedir. Kompleksin molekiiller arasi etkilesim
enerjileri CE-HF/3-21G ve CE-B3LYP/6-31G (d,p) enerji modelleri kullanilarak hesaplandi.
Anahtar Kelimeler: 4-metoksibenzoik asit, izonikotinamid, Hirshfeld ylizey analizi, Gegis
metal kompleksi, etkilesim enerjisi hesaplamalari
Giris

Kristal yapilardaki molekiiller arasi etkilesimlerin dogasini anlamak, istenen kimyasal ve
fiziksel 6zelliklere sahip yeni materyalleri rasyonel bir sekilde tasarlamak i¢in kritik 6neme
sahiptir. Arastirmacilar bu alanin 6nemi ve bu tiir i¢gériiler saglamak amaciyla yeni arag
arayislarini  siirdiirmektedirler. CrystalExplorer, aragtirmacilara kristallerdeki molekiiller
arasindaki etkilesimleri kesfetmek icin kullanimi kolay bir arayiiz icinde grafik ve hesaplama
araclar1 saglar. Arastirmacilara, diziistli veya masaiistii bilgisayarlarinda molekiiler kristal
yapilar hakkinda o©Onemli kimyasal bilgileri nispeten hizli bir erisim saglamak ig¢in
olusturulmustur [1]. Bu amagla, bu calismada kristal yapis1 6nceden belirlenmis olan
diakua(izonikotinamid-xN*)-(4-metoksibenzoato-x*0,0")-(4-metoksibenzoato-xO)kobalt(11)
kompleksi spektroskopik ve termal karakterize edilmis ve molekiillerarasi etkilesimlerin ve
etkilesim enerjilerinin CrystalExplorer programi yardimu ile incelenmistir.

Materyal ve Yontem

Calismada daha once kristal yapisi1 karakterize edilmis olan, diakua(izonikotinamid-«xN")-(4-
metoksibenzoato-x?0,0')-(4-metoksibenzoato-xO)kobalt(IT) [2] (Sekil 1) kompleksinin (1)
molekiiller aras1 etkilesimleri CrystalExplorer 17.5 programi [3 ](Turner ve ark. , 2017)
yardimiyla Hirshfeld yilizeyi analizi [4, 5] (Hirshfeld, 1977; Spackman ve Jayatilaka, 2009)
yapilarak belirlenmistir. Hirshfeld yiizeyi, dnorm ve kavislilik haritalar1 ve sekil indeksi [4, 6]
ve 2D parmak 1zi grafikleri [5] bilesiklerin kristallografik bilgi dosyasi (CIF) kullanilarak elde
edilmistir. Kompleksin molekiiller arasi etkilesim enerjileri CrystalExplorer (CE)
programinda yer alan CE-HF/3-21G ve CE-B3LYP/6-31G (d,p) enerji modelleri kullanilarak
hesaplanmistir. Kompleksin C, H, N analizi LECO CHNS 932 elementel cihazi ile yapilmais,
FT-IR Spektrumlari MATTSON 1000 FT-IR spektrometresi ile kaydedilmis ve termal
davraniglar1 Rigaku TG 8110 termik analizatorlii TAS 100 cihazi yardimi ile belirlenmistir.

Bulgular ve Tartisma

I kompleksinin deneysel ve teorik elementel analiz verileri uyumludur (Teorik % C: 50,83;
H: 4.62; N:5.39 ve Deneysel % C: 50,06; H: 4,51; N: 5,32). Kompleksin FT-IR spektrumlari
incelendiginde (Sekil 2), izonikotinamidin N-H pikleri 3300-3100 cm™de gézlenmistir.
Kristal yapidaki su molekiillerinden kaynaklanan O-H titresim pikleri molekiil i¢i hidrojen
baglar1 nedeniyle keskin bir pik seklinde 3550 cm ™ de gorilmektedir. Karbonil grubu (C=0)
icin asimetrik ve simetrik COO’ titresimleri sirastyla 1555 cm™ ve 1393 cm™ valans
titresimlere denk geldigi goriilmektedir. Komplekslerin asimetrik ve simetrik COO’
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titresimleri arasindaki fark 162 cm™ olarak hesaplanmistir. Bu deger, 4-metoksibenzoat
anyonunun bidentat koordine oldugunu dogrulamaktadir. izonikotinamid karbonil grubu 1671
cm™de gbézlenmistir. Piridin halkasinin C-N grubunun absorpsiyon bandi 1066 cm ™ de
goriilmektedir.

Sekil 1. [Co(CgH703)2(CsHsN20)(H20),] (1) kompleksinin yapisi.

Sekil 2. I kompleksin FT-IR Spektrumu
I kompleksinin DTG egrisi incelendiginde (Sekil 3) 129, 142, 273, 339, 381, 466, 563 °C
maksimum sicakliklara karsilik gelen alti adet bozunma basamag goriilmektedir. Ilk
basamakta 60-170 °C sicaklik araliginda kompleks iki mol suyunu kaybeder (teorik: % 6,93-
deneysel:% 6,71). Sonraki bes basamakta kompleksin organik ligandlarmin bozunmasi
gergeklesir. Kompleksten bozunmalar sonucu geriye CoO kaldig diistiniilmektedir [7].

TGA
%

100.0d jEignt Loe Em:

20.0d 20.00

60.0C
0.00
40.0G

20.00 20,00

0.0

.00 200.00 400.00 600.00 800.0C
Temp [C]

Sekil 3. | kompleksin TGA/DTA egrisi
Hirshfeld yiizey analizi, bir molekiiliin yapisindaki molekiiller aras1 etkilesimler farkli renkler
ve renk yogunlugu ile sunuldugu gorsel grafiklerin elde edildigi bir programdir. Sekil 4a’da
kompleksin dnom haritasinda Van der Waals yarigapindan daha kisa (yakin temas halinde)
veya daha uzun (farkli temas) mesafeleri temsil eden kirmizi ve mavi renkler goriilmektedir.
Beyaz yiizeyler, Van der Waals yarigaplarinin toplamina esit olan mesafeyi gostermektedir.
Komplekslerin dyom haritasinda, ii¢ boyutlu Hirshfeld yiizeyleri, -7459 - 1.4256 a.u araliginda
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belirlenmistir. Sekil 4b’de sekil indeksinde yer alan bitigik kirmizi ve mavi tiggenler kristal
yapisindaki aromatik halkalar (benzen ve piridin) arasindaki C-H...n etkilesimleri ve n-n
istiflemelerinin varhigim desteklemektedir [5]. Sekil 4c’de verilen kavislilik haritasinda
biiyiik yesil bolgeler kismi diiz (yani diizlemsel) bir yiizey alanini ve mavi bolgeler egrilik
alanlarim temsil etmektedir. Hirshfeld yiizeyindeki halkalarin etrafindaki diiz bolgeler 1 — ©
istifleme etkilesimlerini dogrulamaktadir.

Sekil 4. I kompleksin d,om haritasi (a), sekil indeksi (b) ve kavislilik haritasi (c).

Tiim molekiilleraras1 etkilesimler i¢in iki boyutlu parmak izi grafikleri Sekil 5’de verilmistir
ve bu etkilesim yiizdelerinin dagilimi Sekil 5°de verilmistir. Kompleksin 2B parmak izi
grafiklerinde en baskin etkilesimler H...H, H...O/O...H ve H...C/C...H seklindedir. H...H
etkilesimlerinin  baskin olma nedeni molekiiler yiizeydeki hidrojen bollugundan
kaynaklanmaktadir. Kompleksin yapisindaki O—H...O hidrojen baglarindan kaynaklanan
H~O/OH etkilesimleri en Onemli ikinci etkilesimdir. C-H...nm etkilesimleri ve m-m
istiflemelerinden kaynaklanan H...C/C...H etkilesimleri % 20.1 lik oram ile en Onemli
ticlincii katkiyr saglamaktadir. Metal atomu ile diger atomlar arasinda herhangi bir etkilesime
rastlanmazken, yapida ayrica C...0/0...C, C..N/N...C, C...C ve H..N/N...H gibi katkilar
dﬁsi}k diizeyde dkalan ill}ﬁa} edilebilir ?tkilesigp_lpr bulunmustur.

H..H %42,0
B H..0/0..H %28,1
mH..C/C..H% 20,1
mC..C%4,3
W H..N/N..H %1,4
m0..C/C...0 %3,0

de Ll e Fe
y &
-
1
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]

J . .
A1 cooe A awn d "] owme d

de

Sekil 5. Molekiillerarasi etkilesimlerin 2D parmak izi ve etkilesim yiizdelerinin dagilim
grafikleri.

Kompleksin etkilesim enerjileri, CrystalExplorer programinda bulunan CE-B3LYP / 6-31G
(d, p) ve HF/3-21G kullanilarak hesaplandi. Sekil 6’da toplam enerji (a), Coulomb enerjisi
(b) ve dagilim enerjileri (c) silindir seklindeki enerji c¢erceveleriyle temsil edildigi
gorilmektedir. Enerji gercevelerinin hesaplanmasi, bir kristalin bilesenleri arasindaki genel
etkilesim enerjilerinin topolojisini daha iyi anlamak i¢in gelistirilmistir. Toplam molekiiller
arast etkilesim enerjisi (Ei), sirasiyla 1.057, 0.740, 0.871 ve 0.618 olgek faktorleri
kullanilarak dort enerji terimi (elektrostatik (Eere), polarizasyon (Eya), dispersiyon (Egisp) Ve
degisim-itme (Erp)) toplanarak bulunmaktadir [8-10]. Farkli kartezyen koordinatlarda
bulunan enerji degerlerinin birbirine ¢ok yakin oldugu tespit edilmistir. Elektrostatik enerji
(E_ele) degerlerinin toplam enerji degerlerini 6nemli 6lcilide etkiledigi belirlenmistir. Yapilan
caligmalarda, hidrojen bag: etkilesimlerinin elektrostatik enerjiye katki sagladig: bildirilmistir.
Bu yapida da elektrostatik enerji, yapidaki N-H...O ve O-H...O hidrojen baglar ve zayif C-
H...w etkilesimlerinden etkilenmektedir.

Tablo 1.
Kompleksin Etkilesim Enerjileri
N [Symop R Elektron Yogunlugu |[E _ele [E_pol |E_dis |E_rep |E_tot
2 |X,¥,2 6.81 |B3LYP/6-31G(d,p) -112.5 |-32.6 |-83.8 |127.5 |-137.3
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2 |-x,y+1/2,-z |11.12 |B3LYP/6-31G(d,p) |[-81 |-3.9 [-19.7 [140 |-19.9
2 |-x,y+1/2,-z |14.26 |B3LYP/6-31G(d,p) |-3.9 |-14 |80 |88 |-67
2 %y, z 10.71 |B3LYP/6-31G(d,p) |-69.8 |-17.6 |-30.9 |79.9 |-645
2 |-x,y+1/2,-z |14.43 |B3LYP/6-31G(d,p) [-29 |09 [-169 |89 |-12.9
2 x,y,z 8.27 |B3LYP/6-31G(d,p) |-385 |-19.6 |-404 |[58.7 |-54.2
2 |x,y,z 10.71 |B3LYP/6-31G(d,p) |-354 |-9.7 |-16.8 [33.7 |-385
2 |-x,y+1/2,-z |10.52 |B3LYP/6-31G(d,p) |-104 |-3.7 |[-39.3 [22.9 |-33.9
2 |-x,y+1/2,-z |14.71 |B3LYP/6-31G(d,p) |25 |-0.8 [-26 |02 |-0.1
2 |-x,y+1/2,-z |14.85 |B3LYP/6-31G(d,p) |-47 |-09 |-114 |86 |-10.3
Toplam -283,7 |-91,1 |-269,8 [363,2 |-378,3
”2 X, Y, Z 6.81 |HF/3-21G -130.7 |-45.6 |-83.8 |101.7 |-156.0
2 |-x,y+1/2, -z |11.12 |HF/3-21G 88 |-47 |-197 [105 |-21.2
2 |-x,y+1/2, -z |14.26 |HF/3-21G 24 |19 |[-80 [62 |59
2 |x,y,z 10.71 |HF/3-21G 705 |-21.6 |-309 [64.9 |-61.1
2 |-x,y+1/2, -z |14.43 |HF/3-21G 36 |15 |-169 (6.8 |-14.3
2 x,y,z 8.27 |HF/3-21G 415 |-261 |-404 [454 |-58.8
2 |x,y,z 10.71 |HF/3-21G 428 |-144 |-168 [24.7 |-48.1
2 |-x,y+1/2, -z |10.52 |HF/3-21G 103 |51 [-39.3 [184 |-34.4
2 |-x,y+1/2, -z |14.71 |HF/3-21G 39 |12 |26 |01 |10
2 |-x,y+1/2,-z |14.85 |HF/3-21G 49 |14 |-114 |64 |-11.0
Toplam -311,6 |-123,5 |-269,8 2851 |-409,8

Sekil 6. Kristal yapida toplam enerji (a), Coulomb enerjisi (b) ve dagilim enerjisi (b)’nin
diagramlart.

Kompleksin ii¢ boyutlu Hirshfeld yiizeyinde elektrostatik potansiyel goriinimii HF/STO-3G
basis seti kullanarak -0.0500 ila 0.0500 a.u araliginda ¢izilmistir. Hidrojen bagi vericileri ve
alicilari, sirasiyla pozitif ve negatif potansiyele karsilik gelen atomlarin etrafinda mavi ve
kirmiz1 bolgeler olarak goriilmektedir (Sekil 7).
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Sekil 7. Kompleksin ii¢ boyutlu Hirshfeld ylizeyinde elektrostatik potansiyel gériiniimii
Sonu¢

Bu calismada, diakua(izonikotinamid-xN*)- (4-metoksibenzoato-x*0,0")- 4-
metoksibenzoato-xO)kobalt(I) kompleksinin yapisi karakterize edilmis ve kompleksin
Hirshfeld yiizeyleri ile molekiillerarasi etkilesimleri incelenmistir. Hirshfeld Yiizey Analizi
sonuclarina gore kristal yapiya H...H, H...O/0O...H, H...C/C...H, C...0/0O...C, C..N/N...C,
C..C ve H..N/N...H etkilesimleri katkida bulunmaktadir. H ... H etkilesimleri kristal
paketlemeye en fazla katkiyr saglar. H...O/O...H etkilesimleri de ikinci en 6nemli katkiy1
saglar ve bu durum kristal yapidaki hidrojen baglarinin varligini desteklemektedir. Buna ek
olarak, bu, daha once tek kristal X 1sin1 kirmimi ile elde edilen, N — H -+ O hidrojen
baglarinin kristal paketteki {i¢ boyutlu aglarin kararliligina katkisin1 dogrulamaktadir. Sekil
indeksinde goriilen bitisik kirmizi ve mavi tiggenlerin kompleksin kristal yapisindaki benzen
ve piridin halkalar1 arasindaki m-istifleme etkilesimlerinin varligini1 desteklemektedir. Sonug
olarak tek kristal X-1s1n1 analizi ile Hishfeld yiizey analizinden elde edilen sonuglarin birbirini
dogrulamaktadir. Kompleksin referans molekiiliiniin CrystalExplorer (CE) programinin 12
farkli modelinden elde edilen polarizasyon (E pol), dispersiyon (E dis) ve degisim-itme
(E_rep) enerjileri B3LYP/6-31G(d,p) temel setinde sirasiyla -283,7; -91,1; -269,8 ve 363,2
kJ/mol olarak bulunmustur. Bu degerler HF/3-21G temel setinde ise -311,6; -123,5; -269,8 ve
285,1 kJ/mol olarak belirlenmistir. Her iki temel sette de degisim itme enerji degeri aynidir.
Toplam enerji degerleri ise B3LYP/6-31G(d,p) ve HF/3-21G temel setlerinde sirasiyla -378,3
kJ / mol ve -409,8 kJ / mol olarak belirlenmis olup literatiir ile uyumlu olarak tiim kartezyen
koordinatlarda elektrostatik enerjinin toplam enerjiye katkisi ¢ok biiyiiktiir.
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Spectroscopic and Thermal characterization and determination of intermolecular
interactions and interactions energy by CrystalExplorer Program of
Diaqua-(isonicotinamide-xN")(4-methoxybenzoato-x?0,0")(4-methoxybenzoato-
x0)cobalt(l1) complex

Summary

In this study, structure of diaqua(isonicotinamide-xN")-(4-methoxybenzoato-x°0,0')- (4-
methoxybenzoato-xO)cobalt(ll) complex, crystal structure was previously determined,
characterized by elemental analysis, FT-IR Spectra, TGA/DTA and it’s dnorm map, shape
index and curvedness map were determined by using Hirshfeld surface analysis via
CrystalExplorer Program Version 17.5. Also, using the obtained two-dimensional fingerprint
graphics, intermolecular interaction percentages were determined. The presence of O — H...
O and N — H... O hydrogen bonds in the structure has been confirmed by the presence of
H...O0/0O... Hand H... N/ N... H interactions. Weak C-H... © and n-r interactions arising
from the interaction between benzene and pyridine rings in the structure were supported by
both the 20.1% H... C / C... H interactions determined by the two-dimensional fingerprint
graphics, and the presence of adjacent red and blue triangles in the shape index. The
intermolecular interaction energies of the complexes were calculated using CE-HF/3-21G and
CE-B3LYP/6-31G (d,p) energy models that involved in CrystalExplorer (CE) program.

Co(ll), Cu(Il), Ni(1) ve Zn(11) 4-METOKSIBENZOATLARIN PiRiDIN 3-
KARBOKSAMID LiGANDLI KOMPLEKSLERININ MOLEKULLER ARASI
ETKILESIMLERININ HIRSHFELD YUZEY ANALIZI iLE BELIRLENMESI

Mustafa Sertcelik', F. iireya Elif Oztiirkkan ' Hacali Necefogluz, Tuncer Hokelek®

1Kafkas Universitesi, Miihendislik-Mimarlik Fakiiltesi, Kimya Miihendisligi Boliimii, Kars,
Tiirkiye
?Kafkas Universitesi, Fen-Edebiyat Fakiiltesi, Kimya Bolimii, Kars, Tiirkiye
3Hacettepe Universitesi, Miihendislik Fakiiltesi, Fizik Miihendisligi Boliimii, Ankara, Tiirkiye

Ozet

Bu c¢alismada, daha oOnce sentezlenmis olan Co(Il), Cu(Il), Ni(Il) ve Zn(ll) 4-
metoksibenzoatlarin piridin  3-karboksamid ligandli komplekslerinin molekiiller arasi
etkilesimleri  Hirshfeld ylizey analizi ile incelenmistir. Komplekslerin Hirshfeld
yiizeylerindeki dnorm haritalari, sekil indeksleri, kavislilik haritalar1 belirlenmis ve
molekiiller arasi1 etkilesim ylizdelerini belirlemek icin iki boyutlu parmak izi grafikleri
cizilmistir. Elde edilen Hirshfeld yiizey analizi sonuglarma gore, komplekslerin yapisinda,
H~H, H"O/O"H, H C/C~H, C~C, H"N/N"H, C~0/OC, OO ve C~N/N"C molekiiller
aras1 etkilesimlerinin oldugu belirlenmistir.

Giris
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Hirshfeld yiizeyi, kristalin elektron yogunlugunu molekiiler parcalara ayirarak, bir molekiiliin
kristal i¢inde bulundugu alani tanimlayarak ortaya ¢ikar. Hirshfeld yiizeylerinin
belirlenmesiyle ¢esitli molekiiller arasi1 temas tiirlerinin kristal paketlemeye katkilarini
kantitatif olarak belirlemek miimkiindiir. ~Hirshfeld ylizeyleri belirlenen kristal yapilar
karsilastirilirken benzerlikleri ve farkliliklar1 belirlemek miimkiindiir [1]. Bu calismada
Co(ll), Cu(Il), Ni(l) ve Zn(ll) 4-metoksibenzoatlarin piridin 3-karboksamid igeren
komplekslerinin molekiiller arasi etkilesimleri Hirshfeld yiizey analizi ile belirlenmis ve bu
etkilesim tiirleri birbiri ile kiyaslanmigtir.

Anahtar Kelimeler: 4-metoksibenzoik asit, izonikotinamid, Hirshfeld yiizey analizi, gegis
metal kompleksi

Materyal ve Metot

Calismada daha Once kristal yapisi karakterize edilmis olan, diaquabis(4-metoksibenzoato-
xOhbis(nikotinamid-xN*)kobalt(11) dihidrat (1) [2], di-u-nikotinamid-x*0O:N*; x2N*:0O-
bis-[akuabis(4-metoksibenzoato-xO)bakir(Il)]  (2) [3], diaquabis(4-metoksibenzoato-
xOhbis(nikotinamid-xN)nikel(11) dihidrat (3) [4] ve bis(4-metoksibenzoato)- x°0,0"; xO-
bis-(nikotinamid-KN1)(;inko(II) (4) [5] (Sekil 1) kompleksinin molekiiller aras1 etkilesimleri
CrystalExplorer 17.5 programi [6] yardimiyla Hirshfeld ylizeyi analizi [7, 8] yapilarak
belirlenmistir. Hirshfeld yiizeyi, dnorm ve kavislilik haritalar1 ve sekil indeksi [6, 9] ve 2D
parmak izi grafikleri [8] bilesiklerin kristallografik bilgi dosyasi (CIF) kullanilarak elde
edilmistir.
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Sekil 1. Komplekslerin kristal yapilar
Bulgular ve Tartisma

Sekil 2a, 3a, 4a ve 5a’da kompleksin dnom haritasinda Van der Waals yaricapindan daha kisa
veya daha uzun mesafeler sirasiyla kirmizi ve mavi yiizeyler olarak goriilmektedir. Beyaz
yiizeyler ise Van der Waals yarigaplarinin toplamina esit olan mesafeleri temsil etmektedir.
Komplekslerin dnom haritasinda, ii¢ boyutlu Hirshfeld yiizeyleri, -0,6841-1,4709 (Kompleks
1), -0,7449-1,5404 (Kompleks 2), -0,6841-1,4709 (Kompleks 3) ve -0,5405-1,5135
(Kompleks 4) a.u araliginda belirlenmistir [8]. Sekil 2b, 3b, 4b ve 5b’de sekil indeks haritalar
goriilmektedir.  Komplekslerin yapisindaki benzen ve piridin halkalarmin varligindan
kaynaklanan C-H.. m etkilesimleri ver-zistiflemelerinin bitisik kirmizi ve mavi ii¢ggenler
seklinde goriismektedir [8]. Sekil 2¢, 3c, 4c ve 5c’de kavislilik haritasinda biiyiik yesil
bolgelerin kismi diiz sekli 7 — 7 istifleme etkilesimlerini dogrulamaktadir.




Sekil 2. 1 Kompleksinin dnorm haritasi (a), sekil indeksi (b) ve kavislilik haritas1 (c).

A) -«

c

Sekil 5. 4 kompleksinin dnom haritasi (a), sekil indeksi (b) ve kavislilik haritasi (c).
1, 2, 3 ve 4 kompleksleri i¢in tim molekiilleraras1 etkilesimlerin iki boyutlu parmak izi
grafikleri Sekil 6-9’da verilmistir ve bu etkilesim yiizdelerinin dagilimi Sekil 10’da
verilmistir. Komplekslerin 2B parmak izi grafiklerinde en baskin etkilesimler sirasiyla H...H,
H...0/0...H ve H...C/C...H seklindedir. Molekiiler yiizeydeki hidrojen bollugu H...H
etkilesimlerinin baskin olmasiin nedenidir. HO/OH etkilesimleri en 6nemli ikinci
etkilesimdir ve bu komplekslerin yapisindaki O—H:---O hidrojen baglarindan
kaynaklanmaktadir. C-H...x etkilesimleri ve = — x istiflemelerinden kaynaklanan H...C/C...H
etkilesimleri kompleks 1, 2, 3 ve 4 i¢in sirastyla % 16, % 24, % 16 ve % 19’luk oranlar ile
yapiya en Onemli Ugiincii katkiyr saglamaktadir. Metal atomu ile diger atomlar arasinda
herhangi bir etkilesime tespit edilmemistir. Tim yapilarda ayrica C...C, H..N/N..H,
C...0/0...C, C..N/N...C ve O...0 gibi katkilar1 diisiik diizeyde kalan ihmal edilebilir
etkilesimler bulunurken 4 no’lu komplekste bunlara ek olarak N...O/O...N etkilesimleri tespit

edilmistir.
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Sekil 7. 2 kompleksinin iki boyutlu parmak izi grafikleri
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Sekil 9. 4 kompleksinin iki boyutlu parmak izi grafikleri
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Sekil 10. 1-4 kompleksleri i¢cin molekiiller aras1 etkilesim yiizdeleri.
Sonug¢

Bu calismada, metal(Il) 4-metoksibenzoatin piridin 3-karboksamid igeren dort kompleksinin
Hirshfeld yiizeyleri belirlenmis ve molekiilleraras1 etkilesimleri incelenmistir. 1ki boyutlu
parmak izi grafiklerine gore sonuglarina gore, H...HH... O/ O... H,H... C/C... H, C..C,
H..N/N..H, C...0/0...C, C..N/N...C ve O...0 etkilesimleri, tiim komplekslerin Hirshfeld
yiizeyinde bulunmaktadir. H ... H etkilesimleri, komplekslerin kristal yapisina énemli bir
katki saglar. Yapidaki hidrojen baglarindan kaynaklanan H... O /O ... Hve H... N/ N... H
etkilesimleri ayrica komplekslerin molekiiller arasi etkilesimlerine onemli bir katki
saglamaktadir. Komplekslerin sekil indeksinde, kristal yapilardaki benzen ve piridin halkalar
arasindaki zayif C-H... 7 ve m — m istifleme etkilesimleri, bitisik kirmizi ve mavi liggenlerin
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varhig1 desteklenmektedir. Egyapili 1 ve 3 no’lu komplekslerinin molekiilleraras1 etkilesim
yiizdeleri ayn1 ve yapilari farkli olan 2 ve 4 nolu komplekslerinkinden farklidir. Sonug olarak
tek kristal X-1is1m1 analizi ve Hishfeld yiizey analizinden elde edilen sonuglarin birbirini
desteklemektedir.
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Determination of Intermolecular Interactions By Hirshfeld Surface Analysis of Co(II), Cu(Il),
Ni(Il) and Zn(11) 4-Metoxybenzoates with Pyridine 3-Carboxamide Ligand Complexes

Summary

In this study, intermolecular interactions of Co(ll), Cu(ll), Ni(ll) and Zn(ll) 4-
methoxybenzoates with pyridine3-carboxamide complexes were investigated by using
Hirshfeld surface analysis. The d,.rm maps, shape indexes, curvedness maps on the Hirshfeld
surfaces of the complexes were determined and two-dimensional fingerprint graphics were
drawn to determine the intermolecular interaction percentages. According to the obtained
Hirshfeld surface analysis results, there are H... H, H... O/ O... H,H... C/C... H, C... C,
H...N/N...H, C... O/0...C,0O... Oand C... N/ N... C intermolecular interactions in
structures of complexes.
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2,4,6-TRIMETILBENZOATIN Co(ll) VE Mn(11) KOMPLEKSLERININ SENTEZI VE
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Ozet

Bu c¢alismada 2,4,6-trimetilbenzoatin Co(II) ve Mn(II) kompleksleri sentezlenmistir.
Sentezlenen komplekslerin yapilart elementel analiz ve FT-IR ve UV spektroskopisi
kullanilarak tayin edilmistir. Ayrica komplekslerin termik davranislart TGA/DTA metodu ile
incelenmistir.

Giris

Karboksilik asitler, karboksilat oksijen atomlar1 {izerinden koordine olarak metal
kompleksleri olusturmaktadir. Gegis metal kompleksleri ziraat, biyoloji, tip ve diger alanlarda
olduk¢a genis kullanilmaktadir [1]. 2,4,6-Trimetilbenzoik asitin metal komplekslerinin
antibakteriyel ve antifungal Ozellikleri bilinmektedir [2-4]. Genis kullanim alanina sahip
2,4,6-trimetilbenzoik asit’ten ¢esitli polimerlerin sentezinde de istifade edilmektedir [5, 6]. Bu
calismada 2,4,6-trimetilbenzoik asitin  Co(ll) ve Mn(ll) metalleriyle iki kompleksi
sentezlenmistir. Sentezlenen komplekslerin spektroskopik karakterizasyonlart yapilmistir ve
termal kararliliklar1 incelenmistir.

Sentez

0,01 mol 2,4,6-trimetilbenzoik asit, 0,01 mol sodyum bikarbonatin sudaki ¢ozeltisi ile
60 °C’de, karbondioksit ortamdan tamamen uzaklasincaya kadar, karistirilarak sodyum 2,4,6-
trimetilbenzoat ¢ozeltileri eldesi edildi. 0,005 mol MeSO,4 (Co ve Mn) tuzlar1 50 mL suda
¢oziildii ve metal(Il) siilfat ¢ozeltileri tizerine sodyum 2,4,6-trimetilbenzoat ¢ozeltileri ilave
edildi ve oda sicakliginda kristallenmeye birakildi. Olusan kristaller siiziilerek saf su ile
yikandi.

Sonuglar

Elde edilen komplekslerin